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AUTOPILOT - DESCRIPTION AND OPERATION 


1. Description 
А. The autopilot is that portion of the auto flight control system which oper- 

абез the flight control surfaces of the airplane as needed to maintain 
straight and level flight or to maneuver in response to pilot conmands. 
Operating modes can be selected to provide automatic control of: 

(1) Yaw damping 

(2) constant altitude 

(3) Coordinated turn 

(в) Vertical speed 

(5) Pitch damping during turbulence 

(6) Preselected compass heading 

(Т) Omnirange flying and localizer guidance 


(8) тїз control. 


В. Yew Damper 


(2) The yaw damper function can be engaged separately to provide nevessary 
yew damping during manual flying. Yaw damper control is not reflected 
at the rudder pedals. 


С. Autopilot Control 


(2) When the complete system is engaged, the autopilot controls the airplane 
in roll, pitch, and yaw axes, The existing attitude and directional 
reference is automatically maintained. 


0. System Components (See Figure 1.) 


Component Function 
(2) Autopilot Mode Annunciator Provides visual display of radio 
guidance/approach mode controlling 
autopilot. 
(2) Automatic Pilot Controller Provides fingertip controls to enable 


the captain and first officer to en- 
gage the autopilot, select the 
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Automatic Pilot Indicator 


Autopilot Release Switches 


Accelerometers 
(six required) 


Servo Drives and Brackets 
(two required) 


Жан Axis Electrohydrautic 
Transfer Valve 
(part of rudder hydraulic 
power package) 


Roll Channel Computer 


Yaw Channel Computer 


Pitch Channel Computer 


Air Data Computer 


vartoue modes of operation, and to 
initiate maneuvering commands, 


Provides visual indication of aileron 
and elevator servo drive trim con- 
ditions and output of yaw actuator 
position transducer, Lights indicate 
autopilot off, glide path amed, auto 
trim off, 


Provide disengagement of the rol) and 
pitch axes of the autopilot. 


Translate acceleration in уам, roll, 
and pitch axes into electrical signals 
for damping short-period attitude 
changes, 


Initiate movement of the ailerons and 
elevator in response to amplified 
signals from the roll and pitch 
channels. 


Provides the means for yaw channel 
input to the mein control valve in 
the rudder hydraclic power package. 


Provides roll axis interlock; com- 
putes and shapes error and command 
signals to drive the aileron servo 
drive. 


Provides automatic stability augmen- 
tation and tum coordination in ге- 
sponse to command signals fron the 
autopilot sensing and control devices, 


Provides pitch axis interlock; come 
putes and shapes error and comand 
signals to drive the elevator servo 
drive. 


Provides signals for autopilot verti- 
cal speed, altitude hold, Mach Q. /р 
data, and airspeed (Q) switching of 
autopilot command parameters, 
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2. Operation 
A. Yow Axis 


(2) Symehronization 


(в) With yaw axis circuit breakers closed and powor applied, the auto- 
pilot provides self-synchronization within the yaw channel computer, 
The synchronization provides a null output from the torquer amplifier 
to the electrohydraulic transfer valve. With pitch and roll ахос 
circuit breakers also closed, synchronization to airplane magnetic 
heading, ав sensed by the directional gyro, is provided within the 
yaw channel computer by a heading synchronizer. The heading ref- 
erence output signal is routed to the roll channel computer, 


(2) Yaw Damper 


(a) The yaw damper mode 16 engaged when yaw axis ac and de circuit 
breakers are closed and the servos engage lever on the automatic 
pilot controller is moved to yaw damper position. The servos engage 
lever is held at the yaw damper position if all yaw axis engage path ч 
interlock requirements are met. The yaw channel computer provides 
rudder command signals to dampen the airplane dutch roll character- 
istics during manually ала automatically controlled flight. Because 
of the rudder hydraulic and linkage tie-ins with the manual controls, 
yaw damper control actions are not reflected at the rudder pedals. 
Further, the pilot can maneuver the airplane in a norma) manner 
through the rudder pedals with no opposing force or action from the 
yaw damper. 


= 


(b) With pitch and roll axes circuit breakers closed, and the autopilot 


mode engaged, the yaw channel computer also provides rudder command 
signals to assist turn maneuvers, 


(3) Autopilot 


(а) The autopilot mode is engaged when yaw axis, pitch and roll axes, 
and air data circuit breakers are closed and the servos engage lever 
is set at autopilot, This continues yaw damper operation and also 
engages the rcll and pitch axes. The yaw, roll, and pitch axes are 
series interlocked for autopilot control, When an interlock inter- 
ruption occurs іп any axis, the autopilot mode is automatically dis- 
engaged. If the pitch or roll exis is malfunctioning, the servos 
engage lever drops to yaw demper position end the autopilot off light 
comes on ав an indication to the pilot, The light remains on until 
one of the autopilot release buttons is pressed. ғ 


ж 


(b) During the approach phase of ILS operation, the уан channel computer 
receives а roll command to rudder signal that compensates for long- 
term airplane heading asymetries such as loss of an engine. In 
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addition, а heading synchronizer in the yaw computer module receives 
heeding signala from the directional gyro арі provides heading 
reference ond heading error data to the roll channel computer for 
heading hold functions. 


В. Roll Axis 


(1) Synchronization 


(a) 


With pitch ела roll circuit breakers closed and power applied, tho 
autopilot provides continuous synchronization to alrplune rol) atti- 
tude and magnetic heading, This synchronization provides a null out- 
put from the aileron servo amplifier to the aileron servo drive 
motor, 


(2) Roll axis Engage 
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The roll axis is engaged when the sexvos engage lever ол the auto- 
matic pilot controller ів moved to autopilot, The servos engage 
lever is held at autopilot position if all engage path interleck 
requirements аге net. 


If the roll exis is engaged when the aircraft is at a rol! angle (up 
to 35 degrees), the airplane automtically returns smoothly to a 
wings-level condition. When the airplane гс11 angles reduces to 
less than 6 degrees, the autopilot automatically couples the sir- 
Plane to the compass heading (compass system). 


Heading hold is initiated with the navigation selector switch on the 
automatic pilot controller at turn knob and the turn knob at detent, 
heading hold is automatically established when airplane bank angle 
ig less than 6 degrees, 


Automatic disengagement of the autopilot воде occurs when the roll 
exis monitor detects а malfunction within the roll axis. The 

servos engage lever drops to yaw damper, and the autopilot off Light 
comes on as an indication to the pilot. 
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(3) Tum Knob 


(а) 


(v) 


The turn mob located on the automatic pilot controller is the pri- 
mary roll control mode. The knob provides a manual turn control 
function for changing airplane heading. ‘The tum knob must be in 
detent to engege the autopilot. 


The tum knob operates through the roll axis (aileron channel) to 
establish and hold the desired bank angle required to initiate а 
heading change, ‘The degree and direction of bank angle is propor- 
tional to the amount and direction of tum knob rotation, When the 
turn knob 16 moved fron detent, the roll axis automatically de- 
couples from the heading reference, Ав long ав the turn knob is 
left out of detent, the airplane remains іп а turn at the commanded 
bank angie. When the turn knob ів retumed to the detent position, 
the airplane returns to wings level and is recoupted to the heading 
reference which exists when bank angle becomes less than 6 degrees, 


Operation of the turn knob takes priority over any lateral control 
mode, 


(%) Heading Select 


(a) 


The heading select mode operates through the roll axis to establish 
and follow а chosen heading set on the course indicator or equivalent 
heading display, The heading select cursor on the indicator is . 
positioned at the desired heading by using the heading select sync 
knob. With the navigation selector switch set to heading elect, 
the airplane is automatically banked at a controlled roll. rate up to 
а limited bank angle to execute a turn toward the selected heading. 
Ав this heading ів approached, the airplane is smoothly brought to 
wings-level. ‘The airplane is aligned with the selected heading and 
Зв directed to maintain that heading until new commands are given to 
the autopilot. 


(5) Localizer/Omirange 
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(а) 


б) 


(е) 


The roll channel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation selector switch 
is rotated to 100/VoR апа the navigation receiver is tuned to the 
proper frequency, Desired omniradial heading or inbound runway 
heading must be set on the pictorial deviation indicator, 


Automatic beam capture is initiated by the pilot establishing an 
appropriate intercept heading, using either the tur knob or heading 
select mode, After the airplane rolls out on the intercept course, 
rotating the navigation selector switch to Loc/VOR establishes 
heading hold until lateral beam intercept, 


At beam intercept, the airplane turns toward the transmitting station 
at. а limited bank angle that is a function of beam error, rate of 
cnange of beam error (ILS only), and course runway heading error, 
Hen the airplane attains the selected radial at beam center 
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(on-course) the autopilot automatically integrates for crosavind 
correction. Ав the airplane approaches the zone-of-confusion above 
the YOR transmitter, interlocks decouple the beam signal, and the 
airplane ís directed to fly at the drift-corrected radial heading. 
After pansing the VOR station, the beam із again switched into roll 
comand circuitry, and the autopilot tracks the outbound radial. 


(6) ms 


(а) With the navigation selector switch set to ILS at a specified beam 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center while the roll channel 
computer maintains the airplane on localizer beam center to minimum 
altitude or disengagement. 


(ъ) Interlocks prevent selection of ILS unless the pitch axis is engaged 
and appropriate radio receiver is tuned to ILS frequency. Тһе navi- 
gation selector switch will not hold in 118, and glide path capture 
18 prevented, 


(Т) Avxiliary Navigation Control (optional) Б 


The autopilot roll axis provides automatic control in response to track 
error and cross track deviation information received from en auxiliary 
navigation system to maintain а selected ground track or sequence of 
ground tracks, Auxiliary navigation ів engaged by pressing and rotating 
the navigation selector switch to AUK НАУ after setting the initial con- 
ditions in the auxiliary navigation controller, Upon engagement, the 
airplane will automatically be tumed to intercept auxiliary navigation 
track. Аі ату navigation control of the airplane is implemented only 
in airplanes equipped vith auxiliary navigation systems. 


С. Pitch Axis 


(1) synchronization 


(а) With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization of airplane pitch atti- be 
tude, vertical speed, and altitude. This synchronization provides a 
null output from the elevator servo amplifier to the elevator servo Е 
drive motor prior to engagement, 


(2) Pitch Axis Engage 


(a) The pitch axis ie engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. ‘The servos engage 


lever is held at autopilot if all engage path interlock requirements 
are met, 
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(9) When engaged, the pitch axis provides a vertical speed hold function, 
This ie the primary pitch control mode. 1% adjusts the pitch etti- 
tude of the airplane to maintain the vertical speed existing when 
the pitch axis was engaged. The vertical speed hold function con- 
tinueas until changed by use of the vertical speed wheal on the 
automatic pilot controller. 


(е) Automatic disengagement of autopilot control occurs when the pitch 
ах1в monitor detects a malfunction within the pitch axie. The 


aervos engage lever drops to yaw donpor anà the autopilot off light 
comes on as an indication to the pilot. 


(3) Vertical Speed Control 


(а) The detent (center) position of the vertical speed wheel is altitude 
holà (zero vertical speed). During synchronization, the motor~ 
driven vertical speed wheel follows up to the vertical speed of the 
airplane, providing a vertical speed reference for the vertical 
speed hold function at engagement. 


(0) When the vertical speed wheel is moved out of detent, the airplane Б 
assumes (ond adjusts as required) a pitch attitude to hold the com- 
manded yertical speed, The pilot observes the rate of climb (or 
escent) on the vertical speed indicator and manually adjusts the 3 
vertical speed wheel to obtain the desired vertical speed, The 
pitch selector switch returns to vertical speed when the vertical = 
speed wheel is manually moved, The navigation selector switch 
тебштв to turn knob when the airplane is under glide path control 
mode if the vertical speed knob ів manually moved. If the system is 
in the glide path extension mode (and was manually or automatically 
engaged to thie mode), manual movement of the vertical speed wheel “ 
reverts the system to the turn knob and vertical speed modes. 


(0) Altitude Hold 


(a) Altitude hold is established when the vertical speed wheel ie at 
altitude hold (zero vertical speed). The airplane altitude existing 
when the vertical speed wheel is returned to the detent (altitude 


hold) position is mintaineu until a change in vertical speed 16 
commanded. 


(5) Pitch Damp Ж 


(а) When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode is initiated. During thie mode, 
which is used for turbulence penetration, automatic pitch trim is 
disconnected. Pitch trim is accomplished by manual actuation of the 
horizontal stabilizer controls. A "soft" pitch attitude damping 
function is provided by the outcpilot to minimize pitch rate devia- 
tions. There ie no vertical gyro pitch attitude reference during 
operation of pitch damp моде. 
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Glida Path Control - Automatic 


(a) The autopilot pitch axis provides automatic glide path control from 


signals received from a glide path receiver, The syotem automati- 
cally captures the glide path Зевд when tho pitch axte 40 ongaged, 
the glide path receiver is tuned to an ILS frequency, and the navi- 
gation selector switch is at ILS, At glide path capture the pitch 
selector switch returns to vertical speed if the switch was at 
another position, 


(b) А 10-second capture period begins at glide path capture, During 


this period, a fixed vertical speed command is applied to the pitch 
channel computer, causing the airplane to descend at approximately ` 
100 feet per minute. The vertical speed wheel follows up to this 
commanded rate of descent, 


(с) After the 10-second capture period tentinates, the airplane is in 


the glide path control phase. In this phase, the airplane follows 
the glide path beam, 2 


(4) The vertical speed wheel follows up to the rate of descent during 


(т) 
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the control phase. Heading, localizer, and glide path gain pro- 
graming are initiated as a function of radio altimeter altitude 
{analog de output). If the radio altimeter malfunctions, localizer 
and glide path gains are programed at glide path cepture to com- 
pensate for ILS beem convergence. The control phase ends when the 
pilot terminatec the automatic approach to land the airplane 
manually. 


Glide Path Extension 


The glide path extension mode is manually engaged by placing the pitch 
selector switch et G/P EXT. This mode can be used by the pilot to 
initiate glide path second stage gain programing only when glide path 
is energized (capture +10 seconds), the radio altimeter has failed or 
ie not connected to the autopilot, and ‘the middle marker beacon is not 
passed. If the radio altimeter is disabled or not installed, glide 
path gains are second-stage programed automatically upon interception 
ор the middie marker beacon. 
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1. Description 
А. ‘The autopilot is that portion of the auto flight control system which 
operates the flight control surfaces of the airplane es needed to main- 
tain straight and level flight or to maneuver in response to pilot 
commands, Operating modes can be selected to provide automatic 
control of: 
(2) Yaw damping 
(2) Constant altitude 
(3) Coordinated turn 
(8) Vertical speed 
(5) Constant indicated airspeed 
{6} Pitch damping during turbulence 
(Т) Preselected compass heading 
(8) Omnirange flying and localizer guidance 
(9) 118 control. 
В. Yaw Damper 
(1) The yaw damper function can be engaged separately to provide 
necessary yaw damping during manus} flying. Yaw damper control is 
not reflected at the rudder pedals. 
с, Autopilot Control 
{1} When the complete system is engaged, the autopilot controls the віг- 


plane in roll, pitch, and yaw axes, The existing attitude and 
directional reference is automatically maintained., 
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D, System Components (вес Figure 1.) 


Component 


Function 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(т) 


(8) 


(9) 


Autopilot Mode Annunciator 


Automatic Pilot Controller 


Automatic Pilot Indicator 


Autopilot Release Switches 


Acceleroneters 
(six required) 


Servo Drives and Brackets 
(two required) 


Yaw Axis Electrohydraulic 
Transfer Valve 
(part of rudder hydraulic 
power package) 


Roll Channel Computer 


Yow Channel Computer 


Provides visual display of radio 
guldance/approach mode controlling 
autopilot, 


Provides fingertip controls to 
enabie the captain and first officer 
to engage the autopilot, select the 
various modes of operation, and to 
initiate maneuvering commande. 


Providee visual indication of 
aileron and elevator servo drive 
trim comiitions and output of yaw 
actuator position transducer. 
Lights indicate autopilot off, 
glide path armed, auto trim off. 


Provide disengagement of the roll 
апа pitch axes of the autopilot. 


Translate acceleration in yaw, 

roll, and pitch axes into electrical 
signals for damping short-period 
attitude changes. 


Initiate movement of the ailerons 
апа elevator in response to ompli- 
fied signals from the roll end 
pitch channels. 


Provides the means for yaw channel 
input to the main control valve 

in the rudder hydraulic pover 
package. 


Provides roll axis interlock; com- 
putes and shapes error end command 
signals to drive the aileron servo 
arive. 


Provides automatic stability augmen- 
tation and turn coordinetion іп 
reeponse to commend signals fron 
the autopilot sersing and control 
devices. 
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Component Function 


(30) Pitch Channel Computer Provides pitch axis interlock; 
computes and shapes ervor and com- 
mand signals to drive the elevator 
servo drive. 


(11) Air Data Computer Provides signals for autopilot 
vertica} speed, altitude hold, 
Mach Qo/p data airspeed (Q) 
switching of autopilot comand 
parameters, and airspeed data, 


2. Operation 


А. Yaw Axis % 
(1) Synchronization 
(а) With yaw axis circuit breakers closed and power applied, the auto- 
pilot provides self-synchronization within the yaw channel computer. ke 
‘The synchronization provides a null output from the torquer amplifier к 


to the rudder electrohydraulic transfer valve. With pitch and roll 
axes circuit breekers also closed, synchronization to airplane mag- 
netic heading, as sensed by the directional gyro, is provided within 
the yew channel. computer by a heading synchronizer. Тһе heading 
reference output signal is routed to the roll channel computer, 
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Yaw Damper 


{в} The yaw damper mode 10 engaged when yaw axis ac епа de circuit 


(0) 


(3) 
(а) 


(b) 


в, Roll 


breakera are closed and the servos engage lever on the automatic 
pilot controller ia moved to уау damper position, ‘The servos engage 
lever is held at the yaw damper position if all yaw axis engage path 
interlock requirements are met, The yaw channel computer provides 
rudder command signals to dampen the airplane dutch roll character- 
istics during manually and automatically controlled flight. Becas 
of the rudder hydraulic and linkage tie-ins with the manual controle, 
yaw demper control actions are not reflected at the rudder pedals. 
Further, the pilot can maneuver the airplene in а norwal manner 
through the rudder pedals with no opposing force or action fron the 
yaw damper. 


With the autopilot 115-volt ac circuit breaker closed and the auto- 
pilot mode engaged. The yaw channel computer also provides rudder 
command signals to assist turn maneuvers. 


huiopilot 


The autopilot mode is engaged when yaw axis, pivch and roll axes, 
and air data circuit breakers are closed and the servos engage lever 
is set to autopilot. This continues yaw damper operation and also 
engagee the roll and pitch axes. The yaw, roll, and pitch axes are 
series interlocked for autopilot control. When an interlock inter 
ruption occurs in any axis, the autopilot mode is automatically dis- 
engaged. If the pitch or roll axis is malfunctioning, the servos 
engage lever drops to yaw damper position, and the autopilot off 
light comes on as an indication to the pilot. The light remains 

on until one of the autopilot release buttons is pressed. 


During the approach phase of ILS operation, the yaw channel computer 
receives а roll command to rudder signal that compensates for Long- 
term airplane heading asymmetries such as loss of an engine. In 
addition, а heading synchronizer in the yaw computer module receives 
heading signals from the directional gyro and provides heading 
reference and heading error data to the roll channe computer for 
heading hold functions. 


Axis 


(1) Synchronization 


(a) 
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With pitch end roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane roll 
attitude and magnetic heading. This synchronization provides а 
null output from the aileron servo amplifier to the aileron servo 
arive motor. 
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(2) Roll Axis Engage 


(6) Тис roll axta is engaged when the servos engage lever on the auto- 
matic pilot controller 16 moved to autopilot. ‘The servos engage 


lovor is held at autopilot position if all engage path interlock 
requirements are met. 


(b) If the roll axis ів engaged when the aircraft is at a roll angle 
up to 35 degrees the airplane automatically returns amoothly to а 
wings level condition. When the airplane roll angle reduces to 

less than 6 degrees, the autopilot automatically couples the air- 

plane to the compass heading (compass system). 


(с) Heading hold {e with the navigation selector switch on the auto- 
matic pilot controller at turn knob and the turn knob at detent, 
heading hold is automatically esteblished when airplane bank 
angle ін lege than 6 degrees. 


в 


(а) Automatic disengagement of the autopilot mode occurs when the roll 
axis monitor detects а malfunction within the roll axis. Тһе servos 


engage lever drops to yaw damper, and the autopilot off light comes 
on ав an indication to the pilot. 


(3) Turn Knob 


(а) The turn knob loceted ой the automatic pilot controller is the 
primary rol) control mode. The knob provides a manual turn control we 


function for changing airplane heading. The turn knob must be in 
detent to engage the autopilot. 


{b} The turn knob operates through the roll exis {aileron channel) to 
establish and hold the desired bank angle required to initiate а 
heading change. The degree and direction of bank angle is pro- 
portional to the angle and direction of turn knob rotation. When k 
the turn knob is moved fron detent, the roll axis automatically 
decouples from the heading reference. As long as the turn knob 
is left out of detent, the airplane remains in а turn at the 
commanded bank angle. When the turn knob is returned to the detent 
position, the airplane returns to wings level and is recoupled to 
the heading reference which exists when bank angle becomes less 


than 6 degrees. Operetion of the turn knob takes priority over any 
lateral control моде. 


т? 


` 22-10-0 
CODE 2 
Page 6 oct 15/67 


теңе к USA 


(4) 
(а) 


(5) 
(в) 


о) 


(<) 


(6) 
(а) 


(b) 


' Jen 1/67 


DOUGLAS AIRCRAFT CO., INC. 


95-8 SIXTY SERIES 


MAINTENANCE MANUAL 


Heading Select 


The heading select mode operates through the roll axie to establish 
апа follow a chosen heading set on the course indicator or equivalent 
heading display, The heading select cursor on the indicator is 
positioned at the deeired heading by uaing the heading select syne 
knob, With the navigation selector ewitch set to heading select, 
the atrplane is automatically banked at a controlled roll rate up to 
а Limited bank angle to execute в turn toward the selected heading. 
Ав this heading is approached, the airplane is smoothly brought tO 
wings-level. Тһе airplane is aligned with the selected heading and 
is directed to maintain that heading until new commands are given 

to the autopilot. 


Localizer/Onnirange 


The roll channel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation switch is 
rotated to LOR/VOR епа the navigation receiver is tuned to the рго- 
per frequency. Desired omniradial heading or inbound runway heading 
must be set on the pictorial deviation indicator. 


Automatic beam capture is initiated by the pilot establishing an 
appropriate intercept heading, using either the turn knob or heading 
select mode. After the atrplene rolls out on the intercept course, 
rotating the navigation selector switch to LOC/VOR establishes 
heading hold until lateral beam intercept. 


At beam intercept, the airplane turns toward the transmitting station 
at а limited benk angle that is а function of bean error, rate of 
change of beam error (ILS only), and course (runway) heading error. 
When the airplane attains the selected radial at beam center (on- 
course) the autopilot automatically integrates for crosswind соггес- 
tion. As the airplane approaches the zone-of-confusion above the 
VOR transmitter, interlocks decouple the bean signal, and the air- 
plane is directed to fly at the drift-corrected radial heading. 

After passing the VOR station, the beam 15 again switched into roll 
command circuitry, and the autopilot tracks the outbound radial. 


ILS 


With the navigation selector switch set to ILS at а specified beam 
error, glide path control is initiated, Тһе pitch channel computer 
controls descent to glide path beam center while the roll channel 
computer maintains the airplane on localizer beam center to minimum 
altitude on disengagement. 


Interlocks prevent selection of ILS unless the pitch axis їз engaged 
and appropriate radio receiver is tuned to ILS frequency. The navi- 
gation selector switch will not hold in ILS and glide path capture 
is prevented. 
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Auxiliary Navigation Control (optional) 


The autopilot roll axis can provide automatic control 1п response 
to track error and cross track deviation inforuation received from 
auxiliary navigation system to maintain a selected ground track ог 
sequence of ground tracks: Auxiliary navigation is engaged by 
pressing and rotating the navigation selector switch to AUX NAV 
after setting the initial conditions in the auxiliary navigation 
controller, Upon engagement, the airplane is automatically turned 
to intercept auxiliary navigation track. Auxillary navigation con- 


trol of the airplane ís implemented only in airplanes equipped with 
doppler systems. 


С. Pitch Axis 


(2) 


(2) 
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(e) 


о) 


(е) 


Synchronization 


With pitch опа rol) circuit breakers closed and power applied, the 
autopilot provides continuous synchronization of airplane pitch 
attitude, vertical speed, and altitude. This synchronization рго- 
vides а null output from the elevator servo amplifier to the 
elevator servo drive motor prior to engagement. 


Pitch axts Engage 


The pitch axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 


lever is held at autopilot if all engage path interlock requirements 
are met. 


When engaged, the pitch axis provides а vertical speed hold function. 
This is the primary pitch control mode. It adjusts the pitch atti- 
tude of the airplane to maintain the vertical speed existing when the 
pitch axis was engaged. The vertical speed hold function continues 
until changed by use of the vertical speed wheel сп the automatic 
pilot controller. 


Automatic disengagement of autopilot control occurs when the pitch 
exis monitor detects a malfunction within the pitch axis. The servos 
engage lever drops to yaw damper and the autopilot off light comes 

on аз an indication to the pilot. 
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(3) 


(а) The detent (center) position of the vertical speed wheel is altitude 


(5) 


Ы) 
(а) 


(5) 
(а) 


(6) Glide Path Control - Automatic 


(а) 
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Vertical Bpeed Control 


hold (zero vertical speed). During synchronization, the motor-driven 
vertical speed wheel follows up to the vertical speed of the пїг- 


plane, providing a vertical speed reference for the vertical speed 
hold function et engagement. 


When the verticel speed wheel is moved out of detent, the airplane 
assumes and adjusts ав required а pitch attitude to hold the com- 
mended vertical speed. The pilot observes the rate of chimo or 
descent on the vertical speed indicator and manually adjusts the 
vertical speed wheel to obtain the desired vertival speed. ‘The pitch 
selector switch returns to vertical speed when the vertical speed 
wheel is manually moved. The navigation selector switch returns to 
turn knob when the airplane is under glide peth control mode if the 
vertical speed knob is manually moved. If the system ів in the glide 
path extension mode and was manually or automatically engaged to this 
mode, manuel movement of the vertical speed wheel reverts the system 
to the turn knob and/or vertical speed modes. 


Altitude Hold Е 


Altitude hold is established when the vertical speed wheel is at 

altitude hold (zero vertical speed). The airplane altitude existing 

when the verticel speed wheel is returned to the detent (altitude + 
hold} position is maintained until a change in vertica) speed is B 
commanded. 


Pitch Damp 


When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode is initiated. During this mode, 
which is used for turbulence penetration, automatic pitch trim is 
disconnected. Pitch trim is accomplished by manual actuation of the 
horizontal stabilizer controls. A "soft" pitch attitude damping 
function is provided by the autopilot to minimize pitch rate devia- 
tions. There is no vertical gyro pitch attitude reference during 
operation of pitch damp моје. 


The autopilot pitch axis provides automatic glide path control from 
signals received fron а glide path receiver. The system automatically 
captures the glide path beam when the pitch axis is engaged, the 

glide path receiver 15 tuned to an ILS frequency, and the navigation 
selector avitch is at ILS, At glide patch capture, the pitch selector 
switch returns to vertical speed if the switch was at another position. 
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(b) A 10-second capture period begins at glide path capturo. During 
this period, a fixed vertical speed comand 16 applied to the pitch 
channel computer, causing the airplane to descend at approximately 
700 feet per minute. The vertical speed wheel follows up to thio 
commanded rate of descent. 


(е) After the 10-second capture period terminates, the airplane is in 
the glide path control phase. Ја this phase, the airplane follows 
the glide path bean. 


(а) ‘he vertical speed wheel follows up to the rate of descent during 
the control phase. Heading, localizer, and glide path gain pro- 
gramming axe initiated as a function of radio altimeter altitude 
(analog до output). If the radio altimeter malfunctions, localizer 
and gli¢e path gains are programed at glide path capture to com- 
pensate for ILS beam convergence. The control phase ends when the 
pilot terminates the automatic approach to land the airplane manually. 


(1) Glide Path Extension 


(а) The glide path extension воде 15 manually engaged by placing the 
pitch selector switch at G/P EXT. This mode can be used by the 
pilot to initiate glide path second-stage gain programing only when 
glide path is energized (capture +10 seconds), the radio altimeter 
Паз failed or is not connected to the autopilot, and the middle 
marker is not passe. If the radio aitimeter is disabled or not 
installed, glide path gains are second-stage programmed automatically 
upon interception of the middle marker beacon. 


(8) Tas ноа 


ти "Е 


(а) The IAS (indicated airspeed) hold mode is engaged by moving the pitch 
selector switch to the ТАБ hold position. The indicated airspeed 
existing at the time of engagement is maintained by automatic adjust- 
nent of the airplane pitch attitude. 


(b) With the pitch axis engaged, the vertical speed hold function auto- = 
matically controls vertical speed. When the desired indicated air- ш 
speed is attained, the pitch selector switch is rotated to the ТАБ 
hold position. Automatic elevator control adjusts pitch attitude 


to maintain the desired airspeed; throttle adjustment will maintain Lak 

Fate of climb or descent. їз 
(с) When the desired altitude is reached, moving the vertical speed wheel 

to the detent dicengages IAS hold. The pitch selector switch returns 

to the vertical speed position and altitude hold is engaged. - 
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AUTOPILOT - DESCRIPTION AND OPERATION 


2. Description 


А, The autopilot is that portion of the auto flight control syatem which 
operates the flight control surfaces of the airplane ав needed to main- 
tain straight and level flight or to maneuver in response to pilot 


commands, Operating modes can be selected to provide automatic 
control ої: 


(1) Yaw damping 

(2) Constant altitude 
(3) Coordinated turn 
(b) Vertical. speed Н 
(5) Constant indicated sirspeed or Mach number 


(6) Pitch damping during turbulence 


(Т) Preselected compass heading 

{8} Qanirange flying and locelizer guidance 
(9) ILS control Ч 
(10) Split-axes control 

(11) Level off at preselected altitude. 


В. Yaw Damper 


(1) The yaw damper function can be engaged separately to provide necessary F 


yaw damping during manual flying. Yaw damper control is not reflected 
at the rudder pedals. 


C. Autopilot Control 


(1) When the complete system is engaged, the autopilot controls the air- 
plane in roll, pitch, and yaw axes. The existing attitude and + 2 
directional reference is automatically maintained. 
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D. System Components (See Figure 1.) 


Component 


(1) Autopilot Mode Annunciator 


(2) Automatic Pilot Controller 


(3) Automatic Pilot Indicator 


(b) Autopilot Release Switches 


(5) Autopilot Servos 
(Split-Axes) Switches 


(6) Accelerometers 
(six required) 


(4) Servo Drives and Brackets 
(two required) 


(8) Yaw Axis Blectrohydraulic 
Transfer Valve 
(part of rudder hydraulic 
power package) 


(9) Roll Channel Computer 
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Function 


Provides visual displey of radio 
guidance/approach mode controlling 
autopilot. 


Provides fingertip controls to 
enable the captain and first officer 
to engage the autopilot, select the 
various modes of operation, and to 
initiate maneuvering comands. 


Provides visual indication of 
aileron and elevator servo drive 
trim conditions and output of yaw 
actuator position transducer. 
Sights indicate autopilot off, 
glide path arzed, auto trim off, 


Provide disengagement of the roll 
and pitch axes of the autopilot. 


Provide independent cutoff of yew, 
roll, and pitgh control functions. 


‘Translate acceleration in yaw, roll, 
and pitch axes into electrical 
signels for damping short-period 
attitude changes. 


Initiate movement of the ailerons 
and elevator in response to ampli- 
fied signals from the roll and 
pitch chennels, 


Provides the means for yaw channel 
input to the main control valve in 
the rudder hydraulic power 
package, 


Provides roll axis interlock; com- 
putes and shapes error and command 
signals to drive the aileron servo 
drive. 
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Component 


Yaw Channel Compiter 


Pitch Channel Computer 


Air Data Computer 


Altitude Ргеведес® (Coupler, 
Controller, and Annunciator) 


2. Operation 


А. Yew Axis 


a) 


Synchronization 


Function 


Provides automtic stability 
augmentation and turn coordination 
in response to comand signals 
fron the autopilot sensing and 
control devices. 


Provides pitch axis interlock; 
computes and shapes error and 
command signals to drive the 
elevator servo drive, 


Provides signals for autopilot 
vertical speed, altitude hold, 
Mach с/р data, airspeed (9) 
switching of autopilot comand 
parameters, and airspeed and 
Mach number data. 


Provides а means to progran auto» 
mati level-off through the pitch 
axis when selected altitude is 
reached. ' 


(а) With yew axis circuit breakers closed and power applied, the auto- 
pilot provides self-synchronization within the уам channel computer. 
The synchronization provides a null output from the torquer amplifier 
to the rudder electrohydraulic transfer valve. With pitch and roll 
axes circuit breskers also closed, synchronization to airplane mag= 
netic heading as sensed by the directional gyro is provided within 
the yaw channel computer by а heading synchronizer. ‘the heading 
reference output signal is routed to the roli channel computer, 
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7 ga laj 


CONTROLLER 
4. AUTOPILOT RELEASE 
ret (2 Кеп 
«САРТАНН 5 SHOWA? 


SERVO 
DRIVE & BRACKET 
{2 REQD) 


8. YAW AXIS ELECTROHYORAULIC 
TRANSFER VALVE (INTEGRAL 
PART OF RUDDER 
POWER PACKAGED 


“710. YAW CHANNEL 
COMPUTER. 


CONTROLLER 


13, ALTITUDE PRESELECT 
HA2-2537A 
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(2) Yew Damper 


(а) Тһе yaw damper mode ів engaged when yaw axis ac and йс 
circuit breakers are closed and the servos engaged lever on the 
automatic pilot controller ів moved to yaw damper position. ‘The 
servos engage lever is held at the yaw damper position if all yaw 
axia engage path interlock requirements are met, The yaw channel 
computer provides rudder command signals to dampen the airplane 
dutch rolî characteristics during manually end automatically con- 
trolled flight, Because of the rudder hydraulic and linkage tie-ins 
with the manual controls, yaw damper control actions аге not reflected 
at th rudder pedals, Further, the pilot can maneuver the airplane 


in а normal manner through the rudder pedals with no opposing force 
or action from the yaw damper. 


(b) With the autopilot 115-volt ac circuit breaker closed and the auto- 
pilot mode engaged, the yaw channel computer also provides rudder 
command signals to assist turn maneuvers. 


(3) Autopilot 


В 
(а) ‘The autopilot mode is engaged when yaw axis, pitch and rol) axis, Е 
pilot, and air data circuit breakers are closed and the servos 
engage lever is set to autopilot. This continues yaw damper oper- 
ation and also engages the roll and pitch axes. The уан, roll, and 
pitch axes are series interlocked for autopilot control. When an 
interlock interruption occurs in eny axis, the autopilot mode is 
automatically disengaged. If the pitch or roll axes are melfunction- 
ing, the servos engage lever drops to yaw damper position ала the 
autopilot off Light on the automatic pilot indicator and autopilot A 
legends on the captain's and first officer's navigation instruneat 
failure warning annunciator panels flash red. The lights remain on 
until one of the autopilot release buttons or the amunciatur reset 
button is pressed, or the autopilot is reengaged. 


(b) During the approach phase of IIS operation, the yaw channel computer 
receives a roll command to rudder signal that compensates for long- 
term airplone heading asymmetries such as loss of an engine, In 
addition, a heading synchronizer in the yaw computer module receives 


heading signals from the directional gyro and provides heading А Ра 
reference and heading error data to the roll channel computer for 
heading hold functions. 
в. Roll Axis 


(1) Synchronization 


(а) With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane roll 
attitude and magnetic heading. This synchronization provides а null 
output from the aileron servo auplifier to the aileron servo drive 
motor. 
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(2) Roll Ахів Елдәде 


(a) 


%) 


(е) 


(в) 


The roll axis is engaged when the aervos engage lever on the auto- 
matic pilot controller is moved to autopilot. Тһе servos ongago 
lever is held at autopilot position if all engage path interlock 
requirements are met. 


If the roll axis is engaged when the aircraft is at a roll angle 
up to 35 degrees, the airplane automatically returns smoothly to 
wingalevel condition, Wher the airplane roll angle reduces to less 
thin 6 degrees, the autopilot automatically couples the airplane to 
the compass heading (compass eyatem). 


Heading hold is initiated with the navigation selector switch on the 
automatic pilot controller at tum knob and the turn knob detent 
ending hold is automatically established when airplane bank angle 
is less than 6 degrees. 


Automatic disengagement of the autopilot mode occurs when the roll 
axis monitor detects а malfunction within the roll axis. The servos 
engage lever drops to yaw demper, and the autopilot off light comes 
on as ап indication to the pilot. The other two axes may be operated 
by using the split-axes servo switches (see paragraph D). 


(3) Tum Knob 
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(в) 


(b) 


The turn knob, located on the automatic pilot controller, is the 
primary roll control mode. The knob provides a manual turn control 
function for changing eirplene heading. The turn knob must be in 
detent to engege the autopilot. 


The turn knob operates through the roll axis (aileron channel) to 
establish and hold the desired bank angle required to initiate a 
heading change. The degree and direction of bank sngle is pro- 
portional to the amount and direction of turn knob rotation, When 
the turn knob is moved from detent, the roll axis automatically 
decouples from the heading reference. As long ва the turn knob is 
left out of detent, the airplane remains in a turn at the coumanded 
bank angle. When the turn knob is returned to the detent position, 
the airplane returns to wings level and is recoupled to the heading 
reference which exists when bank angle becomes less than 6 degrees. 
Operation of the turn knob takes priority over any lateral contro) 
mode, 
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(4) Heading Select 


(а) The heading select mode operates through the roll axis to establish 
and follow a chosen heading set on the course indicator or equivalent 
heading display. The heading select cursor on the indicator 19 
positioned at the desired heading by using the heading select eyne 7 
knob. With the navigation selector evitch sot to heading select, 
the airplane is automatically banked at a controlled roll rate up 
to а limited bank angle to execute a turn toward the selected heading. 

Ав this heading 38 approached, the airplana is smoothly brought to 
Wings-level, Тһе airplane is aligned with the selected heading and 


18 directed to maintain that heading until new coumands are given to 
the autopilot. 


(5) Localizer/Qnnirange 


(а) Тһе roll channel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation seiector 
switch is rotated to LOC/VOR and the navigation receiver is tuned 
to the proper frequency, Desired onniradiel heading or inbound гип- 
way heading must be set on the pictorial deviation indicator, a 


(0) Automatic beam capture is initiated by the pilot establishing an 
appropriate intercept heading, using either the turn knob or heading 
select mode. After the airplene rolls out on the intercept course, 
rotating the navigation selector switch to LOC/VOR establishes 
heading hold until lateral beam intercept. 


= 


(с) At beau intercept, the airplane turns toward the transuitting station 
at а limited bank angle that is a function of beam error, rate of 
change of beam error (ILS only), and course (runway) heading error. 
When the airplane attains the selected radial at beam center (on- 
course) the autopilot automatically integrates for crosswind 
correction. Аз the airplane approaches the zone-of-confusion sbove 
the VOR transmitter, interlocks decouple the beam signal, and the 
airplane is directed to fly at the drift-corrected radial heading. 
After passing the VOR station, the beam is again switched into roll 
comand circuitry, and the autopilot tracks the outbound radial. 


(а) The autopilot controller pitch selector switch and navigation к 
selector switch move to the vertical speed and turn knob position, 
respectively, if the system monitoring and retraction technique 
(smart box) receives an invalid LOC/VOR signal, 


(6) из Ш 


(a) With the navigation selector switch set to ILS at a specified beam 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center while the roll channel 
computer maintains the airplane оп beam center throughout the 
approach, 
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(9) Interlocks prevent aelection of ILS unless the pitch axis is 
engaged end appropriate radio receiver 10 tuned to ILB frequency. 
‘The navigation selector switch will not hold in ILS, and glide path 
capture ів prevented, 


(7) Auxiliary Navigation Control (Optional) 


The autopilot roll axle can provide automatic control in response to 
track error and cross-track deviation information received from an 
auxiliary navigation or inertial guidance system to maintain a selected 
ground track or sequency of ground tracks. Auxiliary navigation or 
inertial navigation is engaged by pressing and rotating the navigation 
selector switch to AUX НАУ after setting the initial conditions in the 
ouxiliery navigation or inertial controller. Upon engagement, the 
airplane is automatically turned to intercept auxiliary navigation 
track. 


C. Pitch Axis 


(1) Synchronization т 
(а) With pitch and roll circuit breakers closed and power applied, the Е 

autopilot provides continuous synchronizetion of airplane pitch К 

attitude, vertical speed, and altitude, This synchronization рго- * 


vides а null output from the elevator servo amplifier to the elevator 
servo drive motor prior to engagement. a 


(2) Pitch Axis Engage 


(а) ‘The pitch axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engege 
| lever is held at eutopilot if all engage path interlock requirenents 


are met, 


(b) When engeged, the pitch axis provides в vertical speed hold function, 

This із the primary pitch control mode. This mode adjusts the pitch 

attitude of the airplene to maintain the vertical speed existing when 

| the pitch axis was engeged. Тһе vertical speed hold function contin- 
ues until changed by use of the vertical speed wheel on the automatic 

pilot controller, Е 


| (е) Automatic disengagement of autopilot control occurs when the pitch 
ғ axis monitor detects а malfunction within the pitch axis. The 
servos engage lever drops to yaw damper end the autopilot off light 
comes on as an indicetion to the pilot. The remaining two axes may 
| be operated by using the split-axes servo switches (see paragraph D). 
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hold (zero vertical speed). During synchronization, the motor- 
driven vertical speed wheel follows up to the vertical speed of the 
airplane, providing a vertical speed reference for the vertical 
speed hold function at engagement. 


(а) The detent (center) position of the vertical speed wheel is altitude å 


(5) When the vertical speed wheel is moved out of detent, the airplane 
assumes (and adjusts as required) a pitch attitude to hold the 
commanded vertical speed. The pilot observes the rate of clinb 
or descent on the vertical speed indicator and manually adjusts 
the vertical speed wheel to obtain the desired vertical өресі. The 
pitch selector switch returns to verticel speed when the vertical 
speed wheel is manually moved. ‘The navigation selector switch 
returns to turn knob when the airplane is under glide path control 
mode if the vertical speed knob ів manually moved. If the oysten 
їз in the glide path extension шойе, and was manually or automatically 
engaged to this mode, manual movement of the vertical speed wheel 
reverts the system to the turn knob and/or vertical speed modes. 


(4) Altitude Hola R 


(a) Altitude hold is established when the vertical speed wheel їз at 
altitude hold (zero vertical speed). The airplane altitude existing . 
when the vertical speed wheel is returned to the detent (altitude 
hold) position 16 maintained untii a change in vertical speed 18 
commanded. Г 


{5} Pitch Damp 


(a) When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch demp mode is initiated. During this mode, 
which is used for turbulence penetration, automatic pitch trin is 
disconnected. Pitch trim is accomplished by manual actuation of the 
horizontal stabilizer controls. А "soft" pitch attitude damping function в 
is provided by the autopilot to minimize pitch rate deviations., The 
pitch and roll monitors (automatic cutoff) are bypassed during pitch damp 
wode operation. 


, 


(6) Glide Path Control - Automatic 


(a) The autopilot pitch axis provides automatic glide path control from 
signals received from a glide path receiver. The system automatically 
captures the glide path beam when the pitch axis is engeged, the glide 
path receiver is tuned to an IIS frequency, and the navigation selector 
switch is at 115. At glide path capture, the pitch selector switch 
returns to vertical speed if the switch was at another position. 
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(9) А 10-second capture period begins at glide path capture. During 


this period, a fixed vertical speed command is applied to the pitch 
channel compute ', causing the airplane to descend at approximately 
700 feet per minute. Тһе vertical spoed wheel follows up to this 
commanded rate of doscent. 


(с) After the 10-second captura pariod terminates, the airplane is in 


the glide path control phase. In this phase, the airplane follows 
the glide path beam, 


(а) ‘The vertical speed wheel follows up to the rate of descent during 


(0 


(8) 


the control phase. Heading, localizer, ond glide path gain pro- 
groming аге initiated as a function of redio altimeter altitude 
(analog дс output), If the radio altimeter malfunctions, localizer 
and glide path gains are programed at glide path capture to compen- 
sate for ILS beam convergence. The control phase ends when the 
pilot terminates the automatic approach to land the airplane 
manually. 


Glide Path Extension - Manual 


The glide path extension mode is manually engeged by placing the pitch 
selector at С/Р EXT. This mode can be used by the pilot to initiate 
glide path second-stage gain programing cnly when glide path ів ener- 
gized {capture +10 seconds), the radio altimeter has failed or is not 
connected to the autopilot, end the middle markér beacon is nob passed. 
If the radio altimeter is disabled or not installed, glide path gains 
аке second-stege programed automatically upon interception of the 
middle marker beacon. 


TAS Hold 


(a) The IAS (indicated airspeed) hold mode is engaged by moving the pitch 


selector switch to the IAS hold position. The indicated airspeed 
existing at the time of engagement is maintained by automatic adjust- 
nent of the airplene pitch attitude. 


(b) With the pitch axis engaged, the vertical speed hold function auto- 


matically controls vertical speed. When the desired indicated air- 
speed is attained, the pitch selector switch is rotated to the IAS 
hold position. Automatic elevator control adjusts pitch attitude to 
maintain the desired airspeed; throttle adjustment will maintain 
rate of climb or descent. 


(c) When the desired altitude is reached, moving the vertical speed wheel 
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(9) Mach Hold 


(а) The Mach hold mode 1s engaged ty moving the pitch selector switch to 
the Mach hold position. ‘The Mach number existing at the time of 
engagenent is-maintained by automatic adjustment of the airplane 
pitch attitude. As the airplane climbs at a constant speed, the 
Mach number increases with altitude. When the desired Mach number 
4s attained, the pitch selector avitch is pressed and rotated to the 
Mach hold position. The airplane then climbs at a decreasing air- 
speed to maintain the desired Mach number. Moving the vertical 
speed wheel бо the detent disengages the Mach hold mode. ‘The pitch 
selector switch retums to the vertical speed position and the 
altitude hold mode is engeged. 


D. Split-Axes Operation 


(2) The three autopilot (split-axes) servo switches, located on the 

captain's instrument panel provide independent cutoff of roll, pitch, 

and yaw control functions of the autopilot. In this manner, the pilot 

may use manual control in one or two axes while the autopilot retains 

control in the remaining engeged axes. Ја addition, even though в Е 
malfunction occurs in опе or моге control channels, a portion, of the 

autopilot шау still be used. Split-axes operation also provides 
approach operation with manual pitch axis control. 


{2} те roll and pitch channels can be split off individually, but the 
yaw channel cannot. If the yaw channel is to һе split off, both 
rudder and aileron servo switches must be placed in their off positions. 
This interlock is necessary due to roll channel dependence on yaw 
damper for proper performance. у 


(3) For LOC/VOR operation with the pitch axis split off, locelizer gain 
programming is initiated at interception of the outer marker beacon, 


Е. Level-Off at Preselected Altitude 


(1) The altitude preselect system provides a means to program selected 
altitude into the autopilot for automatic level-off when destred 
altitude is reached. In addition, when flying manually, the system 
indicates оу annunciator lights when manual level-off should be в. 
initiated. Altitude preselect consists of а psnel-mounted controller, 
two altitude preselect annunciator lights, and an altitude preselect 
coupler. 
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AUTOPILOT - DESCRIPTION АШ) OPERATION 


Л. The autopilot ís that portion of the anto flight control system which 
operates the flight control surfaces of the airplane as needed to maintain 
straight and level flight or maneuver in response to pilot commands. 
Operating modes can ve selected to provide automatic control of: 


(4) Yaw damping 
(2) Constant altitude 
(3) Coordinated turn 
(L) Vertical speed 
(5) Pitch damping during turbulence 
(6) Preselected compass heading Е 
(7) Omnirange flying and localizer guidance 2” 
(8) ILS control 
(9) split-axes control Бе 
В. Yaw Damper 
(1) Тһе yaw damper function can be engaged separately to provide necessary 
yaw dasping during manual flying. Yaw damper control is not reflected 
at the rudder pedals. 
с. Autopilot Control 
(1) When the complete system is engaged, the autopilot controls the air- ы 
plane in roll, pitch, and yaw axes. Тһе existing attitude and 
directional reference is autoratically maintained, 
р. System Components (See Figure 1.) Ed 
= 
Component Function г 
(2) Autopilot Моде Annunciator Provides visual display of radio 
guidance/approach mode controlling 
autopilot, 
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3. AUTOMATIC PILOT 
МАА Pte 
4. AUTOPILOT RELEASE 


SWITCH (2 REQD) 
КАРТА SHOWA) 


AXE: 
axes 


7. SERVO 
ORIVE & BRACKET 
12 REGO? 


8. YAY AXIS ELECTRONYDRABLIC 
TRANSFER VALVE INTEGRAL 
PART OF RUDDER 
. ROLL CHANNEL POWER PACKAGED 
COMPUTER 


30. YAY CHANNEL 
COMPUTER 


11, PITCH CHANNEL ЕТТІ 
COMPUTER фин 


на2-2538А 


Autopilot System Components 
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Component 


Function 


(2) Automatic Pilot Controller 


(3) Automatic Pitot Indicator 


(8) Autopilot Release Switches 
(5) Autopilot Servos (split- 
Axes} Switches 


{6} Accelerometers 
(six required) 


(т) Servo Drives and Brackets 
(two required) 


(8) Yaw Axis Electrohydraulic 
Transfer Vaive 
{part of rudder hydraulic 
power package) 


(9) Roll Chamel Computer 


(10) Yaw Channel Computer 
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Provides fingertip controls to enable 
the captain and first officer to en- 
gage the autopilot, select the various 
modes of operation, and to initiate 
maneuvering commands. 


Provides visual indication of aileron 
and elevator servo drive trim con- 
ditions and output of yaw actuator 
position transducer. Lights indicate 
autopilot off, glide path armed, auto 
trim off, 


Provide disengagement of the roll and 
Pitch axes of the autopilot. 


Provide independent cutoff of yaw, 
roll, and pitch control functions. 


Translate acceleration in уан, roll, 
and pitch axes into electrical signals 
for damping short-period attitude 
changes, 


Initiate movement of the ailerons and 
elevator in response to amplified 
signals from the roll and pitch 
channels. 


Provides the means for yaw channel in- 
put to the main control valve in the 
rudder hydraulic power package, 


Provides roll axis interlock; computes 
and shapes error and command signals 
to drive the aileron servo drive. 


Provides automatic stability augmenta- 
tion and turn coordination in response 
to command signals from the autopilot 
sensing and control devices, 
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(22) Pate 


(12) Air Data Corputer 


Component Function 


mnel Computer Provides pitch exis interlock; computes 
and shapes error and command signals 
to drive the elevator servo drive. 


Provides signals for autopilot verti- 
са). speed, altitude hold, Vach 

data, and airspeed (0) switching of 
autopilot command parameters. 


2. Operation 


A, Yaw Axis Modes of Operation 


(1) Synchronization 


(a) With yew axis circuit breakers closed and power applied, the auto- 


pilot provides self-synchronization within the yew channel computer. 
The synchronization provides а nul) output from the torquer amplifier 
to the rudder electrohydraulic transfer valve. With pitch and roll 
axes circuit breakers also closed, synchronization to airplane mag- 
netic heading as sensed by the directional gyro is provided within 
the yaw channel computer by a heading synchronizer, The heading 
reference output signal is routed to the roll channel computer. 


(2) Yaw Damper 


(а) Тһе yaw damper mode is engaged when yaw axis ас and de circuit 
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(9) 


breakers are closed and the servos engage lever on the automatic 
pilot controller is moved to yaw damper position. The servos engage 
lever is held at the yaw damper position if all yaw axis engage path 
interlock requirements are met. The yaw channel computer provides 
rudder command signais to dampen the airplane dutch roll character- 
istics during manually and automatically controlled flight, Because 
of the rudder hydraulic and linkage tie-ins with the manual controls, 
automatic yaw damper control actions are not reflected at the rudder 
pedals. Further, the pilot can maneuver the airplane in a normal 
manner through the rudder pedals with no opposing force or action 
from the yaw damper. 


With the autopilot 115-volt ac circuit breaker closed and the anto- 


pilot mode engaged, the yaw channel computer also provides rudder 
command signals to assist turn maneuvers, 
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(3) Autopilot 


(а) 


о) 


Whe autopilot mod d when yaw axis, pitch and roll axes, 
and air data circuit br are closed and the servos engage lever 
is set at autopilot. This continues уан dimper operation and also 
engages the roll and pitch axes. Тһе уам, roll, and pitch axes are 
series interlocked for autopilot control. When an interlock inter= 
ruption occurs in any axis the autopilot node is automatically dis- 
engaged. If the pitch or roll axis is malfunctioning, the servos 
engage lever drops to yaw damper position, and the autopilot off 
light comes on as an indication to the pilot. The ight remains on 
until one of the autopilot release buttons is pressed. 


During the approach phase of IIS operation, the yaw channel computer 
receives a roll comand to rudder signal that compensates for long- 
term airplane heading asymmetries such as loss of әл engine, In 
addition, а heading synchronizer in the уаз computer module receives 
heading signals from the directional gyro and provides heading ref» 
erence and heading error data to the roll channel computer for 
heading hold functions. 


В. Roll Axis 


(1) Synchronization 


(ә) 


With pitch and roll axes circuit breakers closed and power applied, 
the autopilot provides continuous synchronization to airplane roll 
attitude and magnetic heading. This synchronization provides а null 
output from the aileron servo amplifier to the aileron servo 4гіуе 
motor, 


(2) Roll Axis Engage 


(а) 


19) 
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Тһе roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 
lever is held at autopilot position if all engage path interlock 
requirements are met. 


Ef the voll axis is engaged when the aircraft is at a roll angle 
up to 35 degrees, the airplane autcnaticatly retwras sroothly to а 
wings-level condition. When the airplane roll angle reduces to 
Less then 6 degrees, the autopilot automatically couples the 
airplane to the compass heading (compass syster). 
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(с) Heading hold is initiated with the navigetion selector switch on the 
automatic pilot controller at turn knob and the turn knob at detent, 
heading hold 4s automatically established when airplane bank angle is 
less than С degrees, 


(а) Automatic disengagement of the autopilot mode occurs when the roll 
axis monitor detects а malfunction within the roll exis. The 
servos engage lever drops to yaw damper, and the autopilot off 
Light comes on as оп indication to the pilot. Тһе уви or pitch 
axes may be operated by using the split-axes servo switches (see 
paragraph D). 


(3) ‘turn Knob 


(a) ‘The turn knob located on the automatic pilot controller is the primary 
roll control mode, The turn knob provides a manual turn control 
function for changing airplane heading. Тһе turn knob must be in 
detent position to engagement of the autopilot, 


(b) The turn knob operates through the roll axis (aileron channel) to 
establish and hold the desired bank angle required to initiate a 


heading change. The degree and direction of bank angle is propor- A 
tionel to the amount and direction of turn knob rotation, When the 

turn knob is moved from detent, the roll axis automaticaly decouples Е 
from the heading reference. As long ав the turn knob is left out of 

detent, the airplane remains in a turn at the commanded hank angle. > 
When the turn knob is returned to detent, the airplane returns to B 


wings leve2 and is recoupled to the heeding reference which exists 
when bank angle becomes less than 6 degrees. Operation of the turn 
knob tekes priority over any lateral control mode. 


(0) Heading Select 


(a) The heading select mode operates through the roll axis to establish 
and follow a chosen heading set on the course indicator or equivalent Ш 
heading display, Тһе heading select cursor on the indicator is 
positioned at the desired heading by using the heading select syne 
knob. With the navigation selector switch set to heading select, the 
airplane is automatically tanked at a controlled roll rate up to a 
limited bank angle to execute а turn toward the selected head: As 
this heading is approached, the airplane is smoothly brought to wings- 


level, The airplane is aligned with the selected heading and is = 
directed to maintain that heading until new comands are given to the 
autopilot, 


(5) Localizer/O:mirange 


(a) The roll chamel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation selector switch 
is rotated to LOC/VOR and the navigation receiver is timed to the 


proper frequency. Desired omnjradial heading or inbound runway А 
heading must be set оп the pictorial deviation indicator. : 
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Automatic beam capture is initiated by the pilot establishing an 
appropriate intercept heading by using either the turn knob or heading 
select mode, After the airplane rolls out on the intercept course, 
rotating the navigation selector switch to LOC/VOR establishes hending 
hold unti) lateral beam intercept. 


At bean intercept, the airplane turns toward the transmitting station 
at a Limited bank angle that is a function of beam error, rate of 
change of beam error (TIS only), and course (ruway) heading error, 
when the airplane attains the selected radial et beam center (оп- 
course) the autopilot automatically integrates for crosswind correc- 
tion, As the airplane approaches the zone-of-confusion above the 
VOR transmitter, interlocks decouple the beam signal, and the віг- 
Plane is directed to fly at the drift-corrected radial heading. 

After passing the VOR station, the bean is again switched into roll 
command circuitry, and the autopilot tracks the outbound radial. 


(6) из 


(a) 


о) 


With the navigation selector switch set to ILS at а specified beam 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center localizer while the rol) 


channel computer maintains the airplane on beam center to minimum 
altitude or disengagement. 


Interiocks prevent selection of ILS unless the pitch axis is engaged 
and appropriate ra@io receiver is tuned to 118 frequency, The navi- 
gation selector switch will not hold in ILS, and glide path capture 

is prevented. 


(Т) Auxiliary Navigation Control (optional) 


(a) 


‘The autopilot roll axis can provide automatic control in response to 
track error and cross-track deviation information received fron an 
auxiliary navigation system to maintain a selected ground track or 
sequence of ground tracks. Auxiliary navigation is engeged by press- 
ing and rotating the navigation selector switch to AUX NAV after set- 
ting the initial conditions in the auxiliary navigation controller. 
Upon engagement, the airplane is automatically turned to intercept 
auxiliary navigation. Auxiliary navigation control of the airplane 


is implemented only in airplanes equipped with auxiliary navigation 
system, 


Сс. Pitch Axis 


(1) Synchronization 


(а) 
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With pitch and roll axes circuit breukers closed and power applied, 
the autopilot provides contimtons synchronization to airplane pitch 
attitude, vertical speed, and altitude, This synchronization provides 
a null output from the elevator servo amplifier to the elevator servo 
drive motor prior to engagement. 
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(2) Pitch Axis Engage 


(3) 


(а) 


(b) 


(e) 


The pitch axis is eng lever on the auto- 
malic pilot controller is moved to autopiic пе serves engage 
lever is held at autopilot if all engage path interlock requirements 
аге met. 


When engaged, the pitch axis provides a vertical speed hold function. 
This із the primary pitch control mode. This mode adjusts the pitch 
attitude of the airplane to maintain the vertical speed existing 
when the pitch axis was engaged, The vertical speed hold function 
continues until changed by use of the vertical speed wheel on the 
autonatie pilot controller, 


Automatic disengagement of autopilot control occurs when the pitch 
axis monitor detects а malfunction within the pitch axis, The 
servos engage lever drops to yaw damper and the autopilot off light 
comes on as an indication to the pilot. The yaw and roll exis may 
te operated by using the split-axes servo switches (see paragraph D). 


Vertical Speed Control 


(в) 


(») 


The detent (center) position of the vertical speed wheel is altitude 
hold (zero vertical speed}. During synchronization, the motor-driven 
vertical speed wheel fcilows up to the vertical speed of the airplane, 
providing a vertical speed reference for the vertical speed hold 
function at engagement. 


When the vertical speed wheel is moved out of detent, the airplane 
assumes (and adjusts as required) а pitch attitude to hold the com- 
manded vertical speed. Тһе pilot observes the rate of climb or de- 
scent on the vertical speed indicator and manually adjusts the 
vertical speed wheel to obtain the desired vertical speed, The pitch 
selector switch returns to vertical speed when the vertical, speed 
wheel is manually moved, The navigation selector switch returns to 
turn knob when the airplane is under glide path control mode if the 
vertical speed knob is капла: y moved. ТГ the system is in the glide 
Path extension mode and was mam:ally or automatically engaged to this 
mode, manual movement of the vertical speed wheel reverts the system 
to the twn knob and/or vertical speed modes. 


(в) Atitude Hold 


(а) 
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Altitude hold is established when the vertical speed wheel із at 
altitude hold (zero vertical speed), airplane altitude exist 
when the vertical speed wheel is returned to the detent {altitude 
hold) position is maintained until a change in vertical speed is 
conmjanded , 
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(5) Fitch Damp 


(а) when the pitch selector switch is pressed and rotated to the pitch 
damp position, р: Аалр коде is initiated. During this псде, 
which is used for turbulence penetration, automatic pitch levator 
trim is disconnected. Pitch trim is accomplished by manual actuation 
of the horizontal stabilizer controls, A "soft" pitch attitude clamp 
function is provided by the autopilot to mininize pitch rate devia- 
tions. There is no vertical gyro pitch attitude reference during 
operation of pitch damp rode. 


(6) Glide Path Control - Automatic 


(а) Тһе autopilot pitch axis provides automatic glide path contro) from 
signals received from a glide path receiver. The system automatic- 
ally captures the glide path bean when the pitch axis is engeged, 
the glide path receiver is tuned to en IIS frequency, and the naviga- 
tion selector switch is at ILS. At glide path capture the pitch 
selector switch returns to vertical speed if the switch was at 
another position. 


(>) А 10-second capture period begins at glide path capture. During this 
period, a fixed vertical speed command is applied to the pitch 
channel computer, causing the airplane to descend et approxinately 
700 feet per minute, The vertical speed wheel follows up to this 
commanded rate of descent. 


(с) After the 10-second capture period terminates, the airplane is in the 
glide path control phase. In this phase, the airplane follows the 
glide path beam. 


(6) Тһе vertical speed wheel follows up to the rate of descent during 
the control phase. Heading, localizer, and glide path gain pro- 
gramming аге initiated as а function of radio altimeter altitude 
(analog de output). If the radio altimeter malfunctions, locelizer 
end glide path gains are programed at glide path capture to compen- 
sate for IIS beam convergence. The control phase ends when the pilot 
terminates the automatic approach to land the airplene manually. 


(7) өзіде Path Extension ~ Manual 


(а) The glide path extension mode is manually engaged by placing the 
pitch selector switch at С/Р EXT. ‘This mode can be used by the 
pilot to initiate glide path second-stage gain programing only when 
glide path is energized (capture 410 seconds), the radio altineter 
has failed оғ is not connected to the autopilot, ва the middle 
marker beacon is not passed. If the radio altimeter is disabled or 
not installed, glide path gains are second-stage programmed autos 
matically upon intercepticn of the middie marker beacon. 
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В. Split-Axes Operation 


а) 


(2) 
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‘the three autopilot (split-axes) servo switches, located on the flight 
instrument panel, provide independent cut-off of roll, pitch, and yaw 
control functions of the autopilot, In this manner, the pilot may use 
manual contro). in one or two axes while the autopilot retains control 
of the remaining enguged axes. Тп addition, even though a malfunction 
occurs in one or more control channels a portion of the autopilot may 
still be used. Split-axes operation also provides approach operation 
with manual pitch axis control, 


‘The rol and pitch channels may be split off individually, but the yaw 
channel may not. If the yaw channel is to be split off, both rudder 
snd aileron servo switches mst be placed in their off position, This 
ds necessary due to roll channel dependence on yaw damper for proper 
performance. 


МОДЕ: ‘Che SPLIT AXIS Light will come on only when one or more of the 
axes are split off while the servos engage lever is in the 
AUTOPILOT POSITION, 
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AUTOPILOT - DESCRIPTION AND OPERATION 


1. Deseription 


А, The autopilot ів that portion of the auto flight control system which 
operates the flight control surfaces of the airplane as needed to 
maintain atraight and level flight or to maneuver in response to pilot 
commands, Operating modes can be selected to provide automatic 
control of: 


(1) Yaw damping А 
(2) Constant altitude 
(3) Coordinated turn 


(в) Vertical speed 


(5) Pitch damping during turbulence 


(6) Preselected compass heading 

(4) Omnivange flying and localizer guidance 

8) ILS control, 

(8) а p 

B. Yaw Damper - J 

(1) The yaw damper function can be епёедей separately to provide 
necessary yaw damping during manual flying. Yaw damper control is r 
not reflected at the rudder pedals. 


0. Autopilot Control ` 4 
(1) When the complete system is engaged, the autopilot controls the 
airplane in roli, pitch, and yaw axes, The existing attitude 
and directional reference 18 automatically maintained, 


2. System Components (See Figure 1.) 


Component Function 


1. Autopilot Mode Annunciator Provides visual display of 
radio guidance/approach 
mode controlling autopilot. 
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(2) Automatic Pilot Controller Provides fingertip controls 

to enable the captain and 

firet officer to engage the 
autopilot, select the various 
modes of operation, and to 
initiate maneuvering commands. 

А switch provides means to transfer 
control between captain's and 
first officer's navigation 
instruments. 


(3) Automatic Pilot Indicator Provides visual indication 

of trim conditions aileron 

and elevator servo drive and 
output of yaw actuator position 
transducer, Lights indicate 
autopilot off, glide path armed, 
auto trim off. 

(4) Autopilot Release Switches Provide disengagement of the 
roll and pitch axes of the 
autopilot. 


(5) Accelerometers 


Translate acceleration in yaw, 
(six required) 


roll, and pitch axes into elec- p 
trical signals for demping j 
short-period attitude changes. 
(6) Servo Drives and Brackets Initiate movement of the ailerons 
апа elevator in response to 
amplified signals from the roll 
and pitch channels. 


(1) 


(8) 


(9) 
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Yaw Axis Etectrohydraulic 
Transfer Valve 
(part of rudder hydraulic 
power package ) 


Roll Channel Computer 


Yaw Channel Computer 


Provides the means for yaw 
channel input to the main 
control valve in the rudder 
hydraulic power package. 


Provides rol) axis interlock; 
computes and shapes error and 
command signals to drive the 
aileron servo drive, 


Provides automatic stability 
augmentation and turn coordin= 
ation in response to comand 


signals from the autopilot sensing 


and control devices. 
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‘Component Function 


(10) Pitch Channel Computer Provides pitch axis interlock; 


computes and shapes error and 
comand signale to drive the 
elevator servo drive. 


(21) Air Data Computer Provides signals for autopilot 


vertical speed, altitude hold, 
Nach Q/p data, and airspeed 
(Q) switching of autopilot 
command parameters, 


2. Ope 


ration 


А. Yaw Axis 


а) 


(2) 


(3) 
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Synchronization 


(а) With yaw axis circuit breakers closed and pover applied, the auto- 
pilot provides self-synchronization within the уау channel computer. 
The synchronization provides а null output from the torquer amplifier 
to the rudder electrohydraulic transfer valve. With pitch and roll 
axis circuit breakers also closed, synchronization to airplane 
magnetic heading, as sensed by the directional gyro, fe provided 
within the yaw channel computer by а heading synchronizer, ‘The 
heading reference output signal is routed to the roll channel 
computer, 


Yaw Damper 


(в) The yaw damper mode is engeged when yaw axis ac aud дс circuit 
breakers are closed enà the servos engage lever on the automatic 
pilot controller is moved to yaw damper position. The servos 
engage lever is held at the yaw damper position if all yaw axis 
engage path interlock requirements are met, The yaw channel 
computer provides rudder command signals to dempen the airplane 
dutch roll characteristics during manually end avtonatically 
controlled flight. Because of the rudder hydraulic and linkage 
tie-ins with the manuel controls, yaw demper control actions аге 
not reflected at the rudder pedals. Further, the pilot can 
maneuver the airplene in а normal manner through the rudder pedals 
with no opposing force or action from the yaw damper. 


(b) With the pitch end roll exes 115-volt circuit breaker closed, and 
the autopilot mode engaged , the yew channel computer also provides 
rudder command signals to assist turn maneuvers. 


Autopilot 


(a) The autopilot mode is engaged when yew axis, pitch and roll axes, 
and air data circuit breekers are closed and the servos engege lever 
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is set at autopilot. This continues yaw damper operation and also 
engages the roll and pitch axes. The yaw, roll, and pitch axes are 
series interlocked for autopilot control, When an interlock 
Interruption occurs in any exis, the autopilot made is automatically 
disengaged. If the pitch or roll exis ia malfunctioning, the servos 
engage lever drops to yaw damper position, and the autopilot off 
Light comes on as an indication to the pilot, The light remains on 
until one of the autopilot release buttons is pressed. 


During the approach phase of ILS operetion, the yaw channel computer 
receives а roll conmand to rudder signal that compensates for long- 
term airplane heeding asymmetries such as loas of an engine. In 
addition, a heading synchronizer in the yew computer module receives 
heading signals from the directional gyro end provides handing ref- 
erence and heading error data to the roll channel computer for 
heading hola functions. 


B, Roll Axis 


(1) Synchronization 


(a) 


With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane roli atti- 
tude and magnetic heading, This synchronization provides a null 


output from the aileron servo amplifier to the aileron serve drive 
motor. 


(2) Roll Axis Engage 


(a) 


(>) 


(e) 
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‘The roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot, Тһе servos engage 
lever із held at autopilot position if all engege path interlock 
requirements are met. The yaw, roll, and pitch axes are series- 
interlocked. 


ТЕ the roll axis is engaged when the aircraft is at а roll angle 
(up to 35 degrees), the airplane automatically returns smoothly 
to в wings-level condition. Жоп the airplane roll angle reduces 
to less then 6 degrees, the autopilot automatically couples the 
airplane to the compass heading (compass system), 


Heading hold is initiated with the navigation selector switch on the 
2 automatic pilot controller at turn knob and the turn knob at detent, 
heading hold is automatically established when airplane bank angle 

45 leas then 6 degrees, 
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(а) Automatic disengagement’ of the autopilot mode occurs when the roll 
І exis monitor detects a malfunction within the roll axis. The servos 
engage lever drops to yew damper, and the autopilotoff Light cares 

оп as an indication to the pilot. 


(3) Turn Knob 


(a) he turn knob, Located on the automatic pilot controller, is the 
primary roll control mode. The knob provides в manval turn control 
function for changing airplene heading, The turn knob must be in 
detent to engage the autopilot. 


(0) ‘the turn knob operates through the roll exis (aileron channel) to 
establish and hold the desired bank angle required to initiate а 
heading change. The degree and direction of bank angle is pro- 
portional. to the amount and direction of turn knob rotation. When 
the turn knob 48 moved from detent, the roll axis automatically 
decouples from the heading reference, As long as the turn knob 4s 
left out of detent, the airplane remains in а turn at the commanded 
bank angle. When the turn knob is returned to detent, the airplane 
returns to wings level and їз reccupled to the heading reference 
which exists when bank angle becomes less than 6 degrees. Operation 
of the turn knob takes priority over any roll control mode, 


(%) Heading Select 


(а) The heading select mode operates trough the roll axis to establish 
and follow a chosen heading set on the course indicator or equivalent 
heading display. The heading select cursor оп the indicator is 
positioned at the desired heading by using the heading select 
synchronization knob. With the navigation selector switch set to 
heading select, the airplane is automatically banked at a controlled 
roll rate up to а limited bark angle to execute a turn toward the 
selected heading. As this heading is approached, the airplane 15 
smoothly brought to wings-Level. The airplane is aligned with the 
selected heading and is directed to maintain that heading until new 
commands are given to the autopilot. 


{5) Locelizer/Omnirange 


(а) Тһе roll channel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation selector switch 
is rotated to L0C/VOR and the navigation receiver is tuned to the 
proper frequency. Desired omniradial heading or inbound runway 
heading must be set on the pictorial deviation indicator. 


(b) Automatic beam capture is initiated by the pilot establishing an 
approach intercept heading, using either the turn knob or heading 
select mode. After the airplane rolls out on the intercept course, 
rotating the navigation selector switch to LOC/VOR establishes heading 
hold until lateral beam intercept. 
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(с) At beam intercept, the airplane turns toward the transmitting 
station at а limited bank angle that is a function of bean error, 
vate of change of bear error (ILS only), and course runvay heading 
error. When the airplane attains the selected radial at безш center 
(on-course) the autopilot automatically integrates for crosswind 
correction. Аз the airplane approaches the zone-of-confusion above 
the VOR transmitter, interlocks decouple the beam signal, and the 
airplane ів directed to fly at the drift-corrected radial heading. 0” 
After passing the VOR station, the beam 18 again ewitched into roll 
command circuitry, and the autopilot tracks the out-bound radial, 


(6) из 


(а) With the navigation selector switch set to ILS at a specified beam 
error, glide path control is initiated. ‘he pitch channel computer 
controls descent to glide path beam center while the roll channel к 
computer mainteins the airplane on localizer beam center to minimum 
altitude or disengagement. 


(9) Interlocks prevent selection of ILS unless the pitch axis is engaged 
and appropriate radio receiver 15 tuned to ILS frequency. The Е 
navigation selector switch will not hold in ILS, and glide path 
capture is prevented. 


ЧТ) Auxikiery Navigation Control (optional) 


(а) The autopilot roll axis can provide automatic control in response 
to track error and cross track deviation information received from 
an auxiliary navigation system to maintain a selected ground track 
or sequence of ground tracks. Auxiliary navigation is engeged by 


pressing and rotating the nevigatior selector switch to AUX NAV в 
after setting the initial conditions in the auxiliary navigation 
controller. Upon engagement, the airplane is autonatically turned . 


to intercept auxiliary navigation track. Auxiliary navigation 
control of the airplane is implemented only in airplanes equipped 
with auxiliary navigation systeme. 


к 
С. Pitch Axis 


(3) Synchronization 


(a) With pitch and roll axes circuit breakers closed and power applied, 
the autopilot provides continuous synchronization of airplane pitch 
attitude, vertica} speed, and altitude. ‘This synchronization 
provides a null output from the elevator servo amplifier to the 
| elevator servo drive motor prior to engagement. Б 


(2) Pitch Axis Engage 


(а) The pitch axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. ‘The servos engage 
lever is held at autopilot if ali engage path interlock requirements 
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аге met, 


(b) When engaged, the pitch axis provides а vertical speed hold function, 
This is the primary pitch control mode, This mode adjusts tho pitch 
attitude of the airplene to maintain the vertical speed existing 
when the pitch axis was engaged. Тһе vertical speed hold funotion 
continues until changed by use of the vertical speed wheel on tho қ 
automatic pilot controller. 


(е) Automatic disengagement of autopilot control occurs when the pitch 
axis monitor detects в malfunction within the pitch axis, The 
servos engage lever érops to yaw damper end the autopilot off light 
cones on as an indication to the pilot. 


(3) Vertical Speed Control 


(а) The detent (center) position of the vertical speed whee) ів altitude 

hold (zero vertical speed). During synchronization, the motor-driven 

vertical speed wheel follows up to the vertical speed of the airplane, 

providing а vertical speed reference for the vertical вресё hold А 

function at engagement. в 
ы 
к 
т 


(>) When tne vertical speed wheel is moved out of detent, the airplane 
assumes (and adjusts as required) a pitch attitude to hold the 
commanded vertical speed. The pilot observes the rate of climb 
or deacent on the vertical speed indicator and manually adjuate А 
the vertical speed wheel to obtain the desired vertical speed. ‘The Е 
pitch selector switch returns to vertical speed when the vertical 
speed wheel is manually moved. The navigation selector awitch returns 
to turn knob when the airplane is under glide path control mode if the 
vertica} speed knob is manually moved. ТЕ the syatem is in the glide 
path extension mode and was manually or automatically engeged to this 
mode, manual movement of the vertical speed wheel reverts the syotem 
to tke turn knob and/or vertical speed modes. 


(4) Altitude Hold 


(a) Altitude hold is established when the vertical speed wheel is at 
altitude hold (zero vertical speed). The airplane oltitude existing 
when the vertical speed wheel is returned to detent (altitude hold) 
is maintained until a change in vertical apeed ів commanded, 


(5) Pitch Damp 


(a) When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode is initiated. During this mode, 
which is used for turbulence penetration, automatic pitch trim is 
disconnected. Pitch trim is accomplished by manual actuation of 
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the horizontal stabilizer controls. А "soft" pitch attitude damping 
function is provided ty the autopilot to minimize pitch rate deviations, 
There is no vertical gyro pitch attitude reference during pitch damp 
mode operation. 


(6) Glide Path Control - Automatic 


(a) The autopilot pitch axis provides automatic glide path control from 
signals received from a glide path receiver. The system automatically 
captures the glide path beam when the pitch axis is engaged, the glide 
path receiver is tuned to un IIS frequency, and the navigation selector 
switch is at IIS. At glide path capture the pitch selector switch 
returns to vertical speed if the switch was at another position. 


(b) А 10-second capture period begins at glide path capture, During this 
period, a fixed vertical speed command is applied to the pitch channel 
computer, causing the airplane to descend at approximately 700 feet 
per minute. The vertical speed wheel follows up to this commanded 
rate of descent. 


(с After the 10-second capture period terminates, the airplane is in the 
> 
glide path control phase. In this phase, the airplane follows the 
glide path beam. 


(4) The vertical speed wheel follows up to the rate of descent during =>, 
the control phase, Heading, localizer, and glide path gain programing Е 
аге initiated аз a function of radio altimeter altitude (analog ас 
output), If the radio altimeter malfunctions, iocalizer and glide 
path gains аге programmed at glide path capture to compensate for ILS В 
beam convergence. The control phase ends when the pilot terminates 
the automatic approach to land the airplane manually. 


(7) Glide Path Extension 


(а) The glide path extension mode is manually engaged by placing the pitch 
selector switch at G/P EXT. This mode can be used by the pilot to 
initiate glide path second-stage gain programming only when glide path 
is energized (capture + 20 seconds), the radio altimeter has failed or 
is not connected to the autopilot, and the middle marker beacon is not 
passed, If the radio altimeter is disabled or not installed, glide p 


path gains are second-stage programmed automatically upon interception 
of middle marker beacon, 


(8) Navigation Transfer - 


(a) А visual display on the instrument panel shows whether captain's ог 
first officer's navigation instruments are supplying signals to the 
autopilot. Pressing the navigation transfer switch on the automatic 
pilot controller transfers signals trom captain's to first officer's 
navigation instruments, " 
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AUTOPILOT - DESCRIPTION AUD OPERATION 


1, 


Tha autopilot is that portion of the auto flight control system which opor- 

the flight contro} surfaces of the airplane as needed to maintain 
straight and level flight or to maneuver in response to pilot commands, 
Operating ‘modes can be selected to provide automatic control oft 


(2) Yaw damping 

(2) Constant altitude 

(3) Coordinated turn 

(L) Vertical speed 

(5) Constant indicated airspeed or Mach number 
(6) Pitch damping during turbulence 

(т) Preselected compass heading 

(8) Оюпігалде flying and localizer guidance 
(9) ILS control 

(30) Split-axes control 


В. Yaw Damper 


(1) The yaw damper function can be engaged separately to provide necessary 
yaw damping during manual flying, Yaw damper control ia not reflected 
at the rudder pedals. 


6. Autopilot Control 


(1) When the complete system 4s engaged, the autopilot controls the airplane 
in rol}, pitch, and уау axes, Tho existing ottitude and directional 
reference is automatically maintained, 


D, System Components (See Figure 1.) 
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Function 


Component. 

(1) Autopilot mode annunciator 

(2) Automatic pilot controller 

(3) Automatic pilot indicator 

(8) Autopilot release switches 

(5) Autopilot servos (split-axes) 
switches 

(6) Accelerometers (6 req'd.) 

(Т) Servo drives and brackets 
(2 req'a.) 

(8) Yaw axis electrohydraukic transfer 
valve (part of rudder hydraulic 
ромег package) 

(9) Roll channel computer 

(зо) Yaw channel computer 
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Provides visual display of radio 
guidance/approach mode controlling 
autopilot, 


Provides fingertip controle to 
enable the captain and firat officer 
to engage the autopilot, select the 
various nodes of operation, and to 
initiate maneuvering comands, 


Provides visual indication of ail- 
eron and elevator servo drive trin 
conditions and output of yaw actua- 
tor position transducer, Lights 
indicate autopilot off, glide path 
armed, auto trim off, 


Provide disengagement of the roll 
anā pitch axes of the autopilot, 


Provide independent cutoff of уам, 
roll, and pitch control functions, 


Translate acceleration in уау, roll, 
and pitch axes into electrical sig- 
nals for damping short-period atti- 
tude changes, 


‘Initiate movement of the ailerons 


and elevator in response to ampli- 
fied signals from the roll and pitch 
channels, 


Provides the means for yaw channel 
input to the main control valve in 
the rudder hydraulic power package. 


Provides roll axis interlock; com- 
putes and shapes error and comand 
signals to drive the aileron servo 
arive. 


Provides automatic stability augmen- 
tation and turn coordination in 
response to comsand signais from the 
autopilot sensing and control 
devices, 
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Component Function 


(11) Pitch channed computor Provid: 


pitch axis interlock; 
computes and shapes error ам com 


mand signals to drive the elevator 
servo drive, 
(12) Мх data computer Provides signais for autopilot ver- 
tical speed, altitude hold, Mach 
Q/p data airspeed (9) switching of 
autopilot command parameters, and 
airspeed and Mach number data, 


2. Operation 
А. Yaw Axia 
(1) Synchronization 


(а) With yaw axis circuit breakers closed and power applied, the autopilot 
provides self-synchronization within the yaw channel computer. The 
aynchronization provides а nul output from the torquer amplifier to 
the rudder electrohydraulic transfer valve. With pitch and roll axes 
cirewit breakers also closed, synchronization to airplane magnetic 
heading, as sensed by the directional gyro, is provided within the 


yaw channel computer Әу a heading synchronizer. The heading reference 
output signal is routed to the roll channel computer, 


(2) Yaw Damper 


(а) The yaw damper mode ів engaged when yaw axis ас and de circuit 
breakers are closed and the servos engage lever оп the automatic pilot 
controller is moved to yaw damper, The servos engage lever is held at 
yaw damper if all yaw axis engage path interlock requirements ere met. 
Тһе уау channel computer provides rudder command eignale to dampen the 
airplane dutch roll characteristics during manually and automatically 
controlled flight, Because of the rudder hydraulic anû linkage tie~ 
ins with the manual controls, automatic yaw damper control actions аге 
not reflected at the rudder pedals. Further, the pilot can maneuver 
the airplane in а normal manner through the rudder pedals with no oppo- 
sing force or action from the yaw damper. 


(0) With pitch and roll axes circuit breakers closed, the yaw channel 
computer aiso provides rudder comand signals to assist turn 
maneuvers, 
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(3) Autopilot 


(a) ‘he autopilot mode is engaged when yaw axis, pitch and roll axes, 

and air data circuit breakers are closed and the servos engage lever 
Ав set at autopilot. This continues yaw danper operation and elso 
engages the roll and pitch exes. The yaw, roll, and pitch axes are 
series interlocked for autopilot control, When an interlock inte: 
ruption occurs in any axis, the autopilot mode is automatically di 
engaged. If the pitch or roll axis is malfunctioning, the servos 
engage lever drops to yaw damper position and the autopilot off 
Light comes ол as an indication to the pilot. The light remains on 
until опе of the autopilot release buttons ів pressed. 


(b) During the approach phase of ILS operation, the yew channel computer 
receives a roll command to rudder signal that compensates for long- 
tern airplane heading asymmetries such as loss of an engine, In 
addition, a heading synchronizer in the yaw computer module receives 
heading signals from the directional gyro and provides heading refer- 
ence and heading error data to the roll channel computer for heading 
hold functions, 


3. Roll Axis 
(1) Synchronization 


(а) With pitch and roll circuit breakers closed and power applied, the 
autopilot provides contimtous synchronization to airplane roll 
attitude and magnetic heading. This synchronization provides a mill 
output from the aileron servo amplifier to the aileron servo drive 
motor. 


{2) Roll Axis Engage 


(а) The roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 
lever is held at autopilot if all engage path interlock requirements 
are met, 


(0) If the roll axis is engaged when the aircraft is at a rol). angle (up 
to 35 degrees), the airplane automatically returns smoothly to a 
wings-level condition. When the airplane roll angle reduces to less 
than 6 degrees, the autopilot automatically couples the airplane to 
the compass heading (compass system). 


(с) Heading hold is initiated with the navigation selector switch on the 
automatic pilot controller at turn knob and the turn knob at detent, 
heading hold is automatically established when airplane bank angle is 
less than 6 degrees. 
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(4) Automatic disengagement of the autopilot mode occurs when the roll 
exis monitor detects a malfunction within the roll axis. The servos 
engage Jever drops to yaw damper and the autopilot off light comes 
on ас en indication to the pilot. The pitch and yew axes пау be 
operated by using the split-axes servo switches (sce paragraph D), 


(3) Tarn Knob 


(а) The turn knob, located on the automatic pilot controller, is the 
primary roll control mode. The knob provides а manuel tum control 
function for changing airplane heeding. The turn knob mast be in 
detent to engage the autopilot. 


(b) The turn knob operates through the voll axis {aileron channel) to 
establish and hold the desired bank angle required to initiate a 
heading change. The degree and direction of bank angle is propor- 
tional to the amount and direction of tum knob rotation. When the 
turn knob is moved from detent, the roll axis automatically decouples 
from the heading reference, As long as the turn knob is left out of 
detent, the airplane remains in a turn at the commanded bank angle, 
When the turn knob is returned to detent, the airplene retums to 
wings leve). and is recoupled to the heading reference which exists 
when bank angle becomes than 6 degrees. Operation of the twm 
knob takes priority over any lateral control mode. 


(%) Heading Select 


(a) The heading select mode operates through the roll axis to establish 
and follow a chosen heading set on the course indicator or equivalent 
heading display. Тһе heading select cursor on the indicator is posi- 
tioned at the desired heading by using the heading select syne knob, 
With the navigation selector switch set at heading select, the air- 
plane is automatically banked at a controlled roll rate up to a 
limited bank angle, to execute в turn toward the selected heading. 

As this heading is approached, the airplane is smoothly brought to 
wings-level. The airplane is aligned with the selected heading and 
is directed to maintain thet heading until new commands are given to 
the autopilot, 


(5) lacalizer/Omirange 


(а) The roll channel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation selector switch 
is rotated to LOC/VOR апд the navigation receiver із turned to the 
proper frequency. Desired omiradial heading or inbound runway 
heading must be set on the pictorial deviation indicator. 


(b) Automatic beam capture is initiated by the pilot establishing ап 
appropriate intercept heading using either the turn knob or heading 
select move, After the airplane rolls out on the intercept course, 
rotating the navigation selector switch to 10C/VOR establishes 
heading hold until lateral beam intercept. 
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(е) At beam intercept, the airplane turns tovard the tranomitting station 
at а limited bank angle that ја a function of beam error, rate of 
change of beam error (ILS only), anî course (runway) heading error, 
When the airplane attains the solected radial at beam center (on- 
course) the autopilot autowatically integrates for crosswind correc- $ 
tion. Ав the airplane approaches the rone-of-confupion above the VOR ' 
tronemitter, interlocks decouple tho beam signal, and the airplane is 
directed to fly at tha drift-corrected radial heading, After passing 
the VOR station, the beam is again switched into roll command circuitry 
and the autopilot tracks the outbound redial. 


(6) ив 


(a) With the navigation selector switch set to TIS at а specified bean 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center channel while the roll 
computer maintains the airplane on beam center to minimun altitude or 
Aisengagenent. Ы 


(b) Interlocks prevent selection of ILS unless the pitch axia is engaged 
and appropriate radio receiver is tuned to IIS frequency. The пауі- 
gation selector switch will not hold in ILS and glide puth capture із 
prevented, 


(т) Auxiliary Navigation Control (Optional) 


The autopilot roll axis can provide automatic control in response to 
track error and eross-track deviation informacion received from an 
auxiliary navigation or inertial guidance system to maintain а selected 
ground track or sequence of ground tracks. Auxiliary navigation or 
inertial navigation ia engaged by pressing and rotating the navigation 
selector switch to AUX НАУ after setting the initial conditions in the 
auxiliary navigation or inertial controller. Upon engagement, the air- 
plane is automatically turned to intercept auxiliary navigation track, 


Ë 


6. Pitch Axis 


(1) Synchronization 


- а 


(а) With pitch and roll circuit breakers closed andy power applied, the 
qutopilot provides continuous synchronization to airplane pitch atti- Е 
tude, vertical speed, and altitude. This synchronization provides а 
null output from the elevator servo amplifier to the elevator servo 
drive motor prior to engagement, 


(2) Pitch Axis осаде 


(а) The pitch axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 


lever is held at autopilot if ali engage path interlock requirements 
are met. 
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(5) When engaged, the pitch axis provides a vertical speed hold function. 
This is the primary pitch control mode. Thie mode adjusts the pitch 
attitude of the airplene to maintain the vertical speed existing 
when the pitch axis was engaged. The vertical speed hold function 
continues until changed by use of the vertical speed wheel on the 
automatic pilot controller. 


(с) Automatic disengegement of autopilot control occurs when the pitch 
axis monitor detects a malfunction within the pitch axis. ‘The servos 
engage lever drops to yaw damper and the autopilot off light comes 
on as an indication to the pilot. The yaw and roll exes may be 
operated by using the split~axes servo switches (see paragraph D). 


Vertical Speed Control 


(а) The detent (center) position of the vertical speed wheel is altitude 
hold {zero vertical speed). During synchronization, the motor-driven 
vertical speed wheel follows up to the vertical speed of the airplane, 
providing а vertical speed reference for the vertical speed hold 
function at engagement, 


(b) When the vertical speed wheel is moved out of detent, the airplane 
assumes, апа adjusts as required, a pitch attitude to hold the com- 
mended vertical speed, The pilot observes the rate of climb or 
descent on the vertical speed indicator and manually adjuste the 
vertical speed wheel to obtain the desired vertical speed. The pitch 
selector switch returns to vertical. speed when the vertical speed 
wheel is manually moved. Тһе navigation selector switch returns to 
turn knob when the airplane is under glide path control mode if the 
vertical speed knob is manually moved. If the system is in the glide 
path extension mode, and was manually or automatically engaged to 
this mode, manual movement of the vertical speed wheel reverts the 
system бо the turn knob and/or vertical speed modes, 


Altitude Hold 


(a) Altitude hold 4s established when the vertical speed wheel is at alti- 
tude hold (zero vertical speed). The airplane altitude existing when 
the vertical speed wheel is returned to the detent (altitude hold) 
position is maintained until a change in vertical speed is commanded. 


Pitch Damp 


(a) When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch дапр mode is initiated. During this mode, 
whieh is used for turbulence penetration, automatic pitch trim іс 
disconnected. Pitch trim is accomplished by manual actuation of the 
horizontal stabilizer controls. А "soft" pitch attitude damping 
function is provided by the autopilot to minimize pitch deviations. 
There is no vertical gyro pitch attitude reference during operation 
of pitch damp mode. 
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(6) Glide Path Control - Automatic 


(а) The autopilot pitch axis provides automatic glide path control from 
signals received from а glide path receiver. Тһе aystem automatically 
captures the glide path bean when the pitch axia is елдедей, the glide 
path receiver їв tuned to an 118 frequency, and the navigation selector 
switch is at IIS, At glide path capture the pitch seloctor switch 
retums to vertical speed if the switch was at another position. 


(0) A 10-second capture period begins at glide path capture. During this 
period, a fixed vertical speed command 48 applied to the pitch channel 
computer, causing the airplane to descend at approximately 700 feet 
per minute, The vertical speed wheel follows up to this commanded ` = 
rate of descent. 


(с) After the 10-second capture period terminates, the airplane is in the 
glide path control phase. In this phase, the airplene follows the 
glide path beam. 


(а) The vertical speed wheel follows up to the rate of descent during the 
control phase. Heading, localizer, ond glide path gain programming Е 
are initiated as a function of radio altimeter altitude (analog йс Е 
output). If the radio altimeter malfunctions, localizer and glide 
path gains are programmed at glide path capture to compensate for ILS 
been convergence. ‘The control. phase ends where the pilot terminates 
the automatic approach to land the airplane manually. Bs 


(7) Glide Path Extension - Manual 


The glide path extension mode is manually engeged by placing the pitch ый 
selector switch at G/P EXT. This mode can be used by the pilot to ini- 
tiate glide path second-stage gain programing only when glide path is 


energized {capture +10 seconds), the redio altimeter has failed or is i 
not connected to the autopilot, end the middle marker beacon is not 

passed. If the radio altimeter is disabled or not installed, glide К 
path gains are second-stage programmed automatically upon interception 

of the middle marker beacon. t 


(8) IAS Hold 


(а) The IAS (indicated airspeed) hold mode is engaged by mving the pitch 
selector switch to the IAS hold position. Тһе indicated airspeed 
existing at the time of engagement is maintained by automatic adjust- 
ment of the airplane pitch attitude. 


(b) With the pitch axis engaged, the vertical speed hold function auto- > ' 
matically controls vertical speed. When the desired indicated air- 
speed is attained, the pitch selector switch is rotated to the IAS 
hold position. Automatic elevator control adjusts pitch attitude to 
maintain the desired airspeed; throttle adjustment will maintain rate 
of climb or descent. 
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(е) Утеп the desired altitude is reached, moving the vertical speed wheel 
to the detent disengages IAS hold. The pitch selector switch returns 
to the vertical speed position and altitude hold 18 engaged. 


(9) Mach Hola 


(a) ‘he Mach hold mode is engaged by moving the pitch selector switch to 
the Mach hold position. The Mach number existing at the time of 
engagement is maintained by automatic adjustment of the airplane pitch 
attitude. As the вігрізге climbs at a constant speed, the Mach number 
increases with altitude. When the desired Mach number ig attained, 
the pitch selector switch 4s pressed and rotated to the Mach hold 
position. Тһе airplane then climbs at а decreasing airspeed to main- 
tain the desired Mack number. Moving the vertical speed wheel to the 
detent disengages the Mach hold mode. The pitch selector switch 
retwms to the vertical speed position end the altitude hold mode is 
engaged. 


D. Split-Axes Operation 


(1) The three autopilot (split-axes) servo switches, located on the flight Е 
instrument pene? provide independent cutoff of roll, pitch, and yaw 

control functions of the autopilot. Іа this manner, the pilot may use 

menual control in one or two axes while the autopilot retains control 

іл the remaining engaged axes. In addition, even though a malfimetion 

occurs in one or more control chamels a portion of the autopilot шау Be 


still be used. Split-axes operation also provides approach operation 
with manual pitch axis control. 


(2) The roll and pitch channels сап be split off individually, but the yaw 
channel can not. If the yaw channel is to be split off, both rudder 
and aileron servo switches must be placed in their off positions. This 
is necessary due to roll chame) dependence ол yaw damper for proper 
performance. : 
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AUTOPILOT - DESCRIPTION AND OPERATION 


1. Description 
А. The autopilot 1s the portion of the auto flight control system which . 

operates the airplane flight control surfaces to maintain straight and 
level flight or to maneuver the airplane in response to pilot commands. 
Modes of operation are selected оп the automatic pilot controller and are 
аб follows: 

(1) Yew damper 

(2) Attitude control 

(3) Altitude control 

{4) Navigational guidence 

(5) Heading selection. 


В. The autopilot system consists of the following components; (see Figure 1). 


Е 


Components Function 


% 


(1) Automatic pilot controller provides fingertip controls to enable 
captain or first officer to engage auto- 
pilot, select various modes of operation, 
апа to initiate maneuvering comands. 


(2) Flight control computer Provides necessary shaping and amplifi- . 
cation of stabilization and comand sig- 
nals received fron autopilot sensing 
elenents- 


гы 


(3) Stabilization computer Power amplifies command signals received 
. from flight control computer to drive 
rudder, elevator, and aileron servo drive Р. 
motors. Also provides signals for hori- 
zontal stabilizer trim (longitudinal 
trim) motor actuation. . 


(L) Gain calibrator Adapts the gains of the autopilot system 
amplifiers to the specific requirements 
of the airplane. 
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Componente Function 


(5) Linear accelerometers Converte acceleration as sensed in roll, 
pitch, and yaw axes to electrical signals 
which are then applied to the computers 
for цве as command signals for damping 
attitude changes. 


(6) Servo drives and brackets Initiate movement of ailerons, elevator, 
(three used in system) anû rudder in response to roll, pitch, 
and yaw axes comand signals. 


(7) Automatic pilot indicator Provides visual indication of elevator, 
rudder, and aileron servo drive conditions. 
Lights indicate auto trim off, glide path 
armed, апа autopilot off. 


С. Signals are required from the following sources, but the associated com- 
ponents аге not considered part of the autopilot sy tem: pitch and roll 
reference (vertical gyro), heading (directional gyro), localizer and 
omnirange receiver, glide slope receiver, doppler computer, and the first 
officer's or the alternate pitot and autopilot static air systems. 


2. Operation 


When the autopilot 1з engaged, the system controls the airplane in the 
roll, pitch, and yaw axes. Тһе existing attitude and directional refer- 
ence is maintained automatically. The yaw damper function can be engaged 
separately to provide necessary уам damping during manual control. Тһе 
basic reference position to which the autopilot controls the airplane 

43 established by the vertical and directional gyros. If the airplene 
deviates from the referenced path, signals from the gyros are applied 
through control amplifiers to drive the appropriate control surface servo 
drive unit to correct the deviation, The amount of surface correction 
is proportional to the amount of deviation error. Accelerometers acting 
in pairs supply signals proportional to angular velocity rates of change 
to dampen or to make the correction smcoth. Two of the accelerometers are 
also used singularly to provide vertical апа lateral damping. Signals 
from other sources, such as the autopilot controller and radio receivers, 
аге summed with the reference path signals in the appropriate flight 
control computer module to provide command maneuvers or radio guidance. 
Each of the flight control compater modules {roll, pitch, and yaw command 
computers) drives the corresponding servo ampiifier in the stabilization 
computer. The servo amplifiers drive their respective servo drive unit 
motors to initiate control surface movement. Figure 2 shovs the basic 
autopilot system in block diagram form. 
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Pitch) Contro 


Longitudinal path control (see Figure 3) includes al) the means by which 
the autopilot system can hold or change the airplane pitch attitude during 
altitude control, glide path descent, pitch rate comand, coordinated 
turns, or straight and level flight. 


Pitch Angular Accelerstion Signal 


(1) The forward and aft pitch accelerometers each produce a signal ргорог- 


tional to linear acceleration in a vertical plane along the airplane 
Longitudinal axis. The two signals are sumed to produce a signal which 
is proportional to airplane pitch angular acceleration. This signal 

48 amplified, demodulated, and applied to two networks: а filter network 
which frees the signal of noise, and а lag network which develops rate 
from the acceleration signal. Тһе signal from each network is atten- 
uated in the gain calibrator, then sumned and modulated to produce an 

ac signal which is fed to the elevator servo amplifier. 


Vertical Gyro Pitch Signal 


(1) The vertical gyro pitch synchro produces а signal which is proportional 


to airplane displacement about the lateral (pitch) axis. The pitch 
synchro is connected back-to-back with the pitch followup synchro in 
the pitch command computer. Тае output signal from the followup syn- 
chro is sumed with other signals, attenuated, and further summed with 
the pitch angular acceleration signal. The combined signal is then 
applied to the elevator servo amplifier. 


Pitch Knob (Pitch Rate Controlier) Signal 


(1) A pitch rate signal is produced when the pitch knob on the controller 


is moved out of detent. This signal changes the airplane pitch atti- 
tude at a rate proportional to the amount of pitch knob displacement. 
The signal is attenuated as a function of Mach number and passes 
through contacts of the pitch knob detent relay (1), and the autopilot 
engage relay (2). Relay (1) is energized when the pitch knob is out 

of detent and relay (2) is energized when the servo's engage lever is 

in the autopilot position. The signal 1з then sumed with other sig- 
nals and applied to the pitch command computer where it is amplified 
and used to drive the pitch followup motor. Тһе motor rotates the fol- 
lowup synchro to a new position through the reduction gear train. Tach- 
ometer feedback is applied to the pitch followup input as a motor damp- 
ing signal and is also fed through the contacts of the vertical path 
relay (3) an isolation transformer, and an attenuator to be summed with | 
the pitch angular acceleration signal. This latter path acts as a pitch 
boost signal to speed airplane entry into commanded pitch maneuvers. 


(2) When the pitch knob is returned to detent, the followup motor is elec- 


trically disconnected from its servo amplifier. The motor control field 
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16 then shorted (clamped) to prevent the synchro from changing position. 
The synchro outyut must be null to establish an airplane steady-state 
attitude, Once the synchro is clamped, the airplane mst seek and hold 
an attitude во that the vertical gyro pitch signal to the followup syn- 
chro will produce @ null output. Any deviation of the airplane from 
this attitude wili create an output signal from the followup synchro 

to the elevator servo amplifier. ‘This initiates elevator movement and 
a corresponding change in airplane attitude until a null io 
re-established, 


Е, Altitude Control Signals 


(2) The altitude control signal, generated in the pressure computer fron 
barometric pressure, is routed through contacts of the altitude control 
relay (4), This relay is energized when the pitch selector switch 
on the controller is moved to the altitude (ALT) position. The signal 
is applied to two paths. One path carries that portion of the signal 
which corrects for short period deviations from altitude due to gusts 
and other disturbances. This signal is attenuated and passed through 
contects of glide path relay (5) and glide slope capture relay (6) to Е 
an amplifier lag-limiter which amplifies and limits the magnitude of 
the signal. The amplifier lag-Limiter output із sumed with other 
signals, attenuated, and routed directly to the servo amplifier. The 
purpose of lagging this signal is to filter out any spurious signals 
caused by sudden changes in angle of attack. le. 


(2) The other altitude control signal path carries that portion of the 
signal which corrects for long period deviations from altitude (gradual 
changes in airplane weight and center of gravity resulting from fuel 
consumption). This signal is attenuated, summed with other signals, 
and then routed through the contacts of the glide path relay (5) to 
the autopilot engage relay (2). The signal follows the same path 
as the pitch rate signal from this relay, and pitch followup action ів 
the same. 


F. Aft Pitch Accelerometer Signal. 


(1) тһе aft piteh accelerometer also produces an additional damping signal 
which is used during altitude or glide path control. This signal is 
summed with the roll followup resolver signal, attenuated, and routed 
through the contacts of altitude control relay (7). This relay selects 
one attenuator for altitude control or another attenuator for glide path 
control. he signal is applied through the contacts of the glide stope 
capture relay (6), vertical path relay (3), an amplifier demodulator, 
filter, and modulator to the pitch followup. Relay (3) is energized 
only during altitude or glide path control. Relay (6) їв energized for 
10 seconds after glide slope capture and prevents the aft accelerometer 
damping signal from reaching the pitch followup. 


зо 


22-10-0 
CODE 7 
76 Feb / 


— Mavze | | шшшз аза nec = маң pe ene — — — таша ==. Jamas a 


DOUGLAS AIRCRAFT CO., INC. 


GO-8 GIXTY SERIES 


MAINTENANCE MANUAL В 
СІ 
al жалка. PAL RE, AYS SRIAN IN DEP а 52 
4 AV Twat on г. 
енен ANGULAR ACCELERATION 
© ы Та шөлмен |Б -- a | мези атчемолтом 
ИН» == ЖД maen arremvaror 
+ w БЛГ 
КҮЗІ 
Остен Gene Raton 
5 я НЫ 
олоң еен 
are ereu monun Ня енко 
кн и КОШИ > 
ЕТТІ 
-9 PATH 
ко ононе 
ка тон 
КИ mnt KOSE UE LUPENE NTON 
жЕ HORIZONTAL, 
---ы Зи fa 
- ш | p 
a. cupe stope Я 
А ТАУ. П 
7. млітіре 2 Ее i 
CONTROL OFF ә RELAYS 1 
э. VERTICAL рати 8 ! 
н “ AMPLIFIER FILTER % + 
КЕРІ ол = i E 
$ | 
$ | 
сөн ры oe «на тилла 
1 РИСНЕНОВ PITCH RATE SIGNAL үз №. PITCH AUTOMATIC POT GEAR CHARGER 
i рн ы о т тенин нйн до ЕТЕТІН 
к — ЫҒУЛТЫНЫ 58000:1 RATIO DURIKE 
w а ИА 
вене Т 3 
СА 
BAS он | 
му ЫЛ = аще | : 
Pron FONOW-UF В 
терң 3 
Фрун к 
; алое 
on * батка ІЗ on 
5 © NER 
РЕ stope 
БЕТ 2 
сир parn 
сомен кере НИ 
д м 
land f ре Е 
iy | ИВ 
Tongitudinad all (ileh) uuu rol == Mow Dagrun a ett 


Five соры 7 
Feb 1/68 тере t 


DOUGLAS AIRCRAFT CO., INC. Е 


OBE SIXTY SERIES 


MAINTENANCE MANUAL у 


0. Roll Followup Resolver Signals 


же 


(1) men the airplane banks, increased normal acceleration caused by the = 
turn results іп the aft accelerometor producing an undesirable signal. 
The roll followup resolver (Located in the roll commend computer) 
provides a signal which is used to cancel out the wndesirablo signal. 
‘The roll followup resolver also provides a nose up compensation signal 
which is fed through en airspeed attenuator to the elevator servo 
amplifior. 


Н. Glide Path Signals 


(1) te glide path capture circuits аге armed when the tum selector switch 
on the controller is moved to glide path position, the navigation 
receiver is tuned to an ILS frequency, and a fly-up or fly-dow radio 
signal is present. The glide path armed light on the autopilot indicator 
comes on until the airplane reaches the 30 mv region of the glide slope 
beam. At this point, the glide path armed light goes off and the glide 
slope capture relay (6) is energized for approximately 10 seconds. Тһе 
relay contacts open glide path signal circuits and short the normal 
acceleration signal. Glide slope capture bias and altitude rate signals A 
are routed through contacts of the glide slope capture reley (6), glide 
path relay (5), and autopilot engage relay (2) to the pitch followup. Ы 
‘The glide slope capture bias is of such magnitude and phase that ап alti- 
tude rate signal created by the airplane descending 700 feet per minute 
will cancel it (700 feet per minute, is the average glide slope bean ки 
vate of descent). During the 16 seconds that the glide slope capture 
relay is energized, the airplane attitude is changed from its initial 


path to a path of descent approximating the glide slope beam, inde- б) 
pendent of normal acceleration or glide slope radio signals, When the 
glide slope capture relay is deenergized efter 10 seconds, the alti- . 


tude rate and capture bias signals are removed, the short is removed 
from the normal acceleration signel, and the glide slope radio signals 
are allowed to enter the system through contacts of the glide path relay 
(5). Relay (5) is energized from the time that the glide path armed 
light goes off at glide path cepture. The radio signals are then fed 
through two attenuators and follow the same path as the altitude control 
signals. During glide path control, altitude control relay (7) is deen- 
ergized, automatically discontinuing altitude control. As soon as the 
glide path armed Light goes off, the glide path gain programer begins в 
to decrease its gain ratio from 3 1/3 to 1 over а period of 200 seconds 

(if the radio altimeter is inoperative). Thus as the airplane уз 

down the glide path, the glide path radio signal is smoothly decreased, 
automatically compensating for the increasing gain of the glide path Г 
beam. When the airplane passes over the middle marker, the gain рго- 

grammer further decreases the gain ratio. 


(2) If the radio altimeter system is operative, the glide path programmer 
begins to decrease the ratio from 3 1/3 to 1 at 1000 feet altitude and 
from 3 to 1 at 300 feet altitude as the result of radio altimeter anulog 
trip voltage. 
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Elevator Servo System Operation 


(1) ALL longitudinal path signals are amplified in the elevator servo ampli- 


fier in the flight control computer. Amplified output is applied to the 
elevator servo drive, the trim coupler, and elevator trin meter on the 
autopilot indicator. The signal to the trin coupler actuates either of 
two relays (up or down) in the airplane horizontal stabilizer trim sys- 
tem to maintain automatic pitch trim. 


(2) The signal to the elevator servo drive unit drives the servo motor. 


Torque developed by the motor is amplified through a power gear train 
and transmitted through a.clutch to drive the servo cable drum and wove 
the elevator control system cables. A damping signal is fed back to the 
servo amplifier by the servo tachoneter-generator. When the autopilot 
ds disengaged, а nulling followup signal from а clutched synchro is fed 
to the servo amplifier to balance the servo system. This clutch is 
released and the position synchro is locked when the autopilot is engaged. 
Тһе torque developed by the elevator servo drive unit 1з transmitted to 
the airplane control system through a mechanical torque Limiter. This 
limits cable force as а function of flap position, allowing more applied 
sevo force when the flaps are down. Nose down servo force 1з always 
Limited to lower values than nose-up force. 


4. Lateral Path (Roll and Yaw) Control “ 


lateral path contro). (see Figure 4) includes 811 the means by which the 
autopilot system can hold or change the airplane directional attitude 
during straight end level flight, roll rate commands, coordinated turns, 
hosding select, LOC/VOR bracketing, and approach operation. 


Yaw Angular Acceleration Signals 


(1) fhe forward and aft yaw accelerometers each produce a signal propor- 


tional to Linear acceleration in a plane perpendicular to the airplane's 
vertical axis. Тһе two signals are summed to produce a signal which is 
proportional to airplane уау angular acceleration. This signal is 
amplified, demodulated, and applied to two networks: а filter network 
which frees the acceleration signal of noise and a lag network which 
develops rate from the acceleration signal. The lag network portion 

of the signal is controlled by gust clamp relay (1) and approach relay 
(2) to provide less attenuation when the autopilot is either -locked on 
а heading reference or is in the approach mode. Rate gain is attenuated 
ав а function of dynamic pressure so that at different airspeeds, the 
signal gain сап vary as required for proper performance. The combined 
signals are modulated to produce ап ac signal which is sumed with other 
signals and routed to the rudder servo amplifier. Dutch roli synchroni- 
zation relay (3) keeps увы angular acceleration signals shorted until 
yaw damper or autopilot modes are engaged. This allows either mode to 
be selected during a coordinated dutch roll. Rudder coordination is 
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initiated by a signal fron the aft yaw accelerometer. The output of the 
accelerometer is developed by lateral acceleration of the airplane. 
This oignal, independent of the forward уау accelerometer signal, 18 
applied to on amplifier filter, attenuated, and fed directly to the 
rudder servo amplifier. This continuously positions the rudder to elim 
inate lnteral acceleration, 


С. Directional Gyro Heading Synchro Signals 


а) 


(г) 


(3) 


(hy 
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The directional gyro heading synchro fs connected back-to-back with the 
уви followup synchro. When the airplane is in 1евв than a 6-degree bank 
with no turn functions inserted in the autopilot, the gust clamp relay 
(1) ів energized. The yaw followup motor is then clamped, permitting 
the followup synchro signal to enter the rudder and aileron servo ampli- 
fiera. То get to the servo amplifiers, the signal follows two paths. 


‘The first path carries that portion of the signal that provides correc- 
tive roll commands in response to heading displacement errors (heading- 
into-roll signal). ‘This signal is routed through contacts of the gust 
clamp relay (1), an attenuator, а second set of gust clamp relay con- 
tacts, and contacts of the heeding select relay (b). Тһе signal is then 
attenunted ав a function of Mach number and passes through two summation 
points, an amplifier-liniter, and a roll-rate limiter. The amplifier- 
limiter limits signals во that they will never command more than 30 
degrees of roll attitude, The то rate limiter limits all signale 
(except VOR signals, which аге lim{ted to l degree per second) во that 
the commanded roll rate will not exceed 4 degrees per second. Output 
of the roll rete limiter is applied to the roll followup where 18 is 
further amplified to drive the follovup motor. The motor rotates the 
followup synchro to a new position through reduction gearing to produce 
в command signa). which із applied to the aileron servo amplifier. 


Тһе second path carries the portion of the followup synchro signal that 
eliminates any cteady-state heading errors during normal level flight. 
This signal is routed through contacts of the gust clamp relay (1), an 
attenuator, and contacts of the radio coupler-on relay (5), bank 
threshold relay (6), approach relay (2), on-course relay (7), and ` 
autopilot engage relay (8). The signal is then applied to а roll 
integrator and oummed with the heading-into-roll signal, after which, 
the sume path previously described for the heading-into-roll signal 

is followed to the aileron servo amplifier. 


When а turn function is inserted into the autopilot system, gust clamp 
relay (1) is deenorgized and yaw followup is unclamped. This prevents 
the heading signa) from entering the aileron and rudder channels. Sn- 
stead, the yaw followup synchro now drives the unclamped motor through 
а closed followup Loop until the heading signal is mulled out. When 
the turn function is removed, and the bank angle drops below 6 degrees, 
the gust clamp relay (1) is energized, the yaw followup motor is clamped 
and heading information is again applied to the aileron and rudder спал- 
nels. This clamps the airplane to а particular heading reference and 
assures that gusts will not cause deviation from that heading. 
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D. Roll Angular Acceleration Signals 


(1) The lower and upper roll accelerometers each produce а signal propor- 
tional to linear acceleration in а plane perpendicular to the airplane 
longitudinal axis. The two signals аге sumred to produce a signal pro- 
portional to airplane roll angular acceleration. Thie signal їв empli- 
fied, demodulated, end applied to two networks: в filter network which 
frees the signal of noise, and а leg network which develops rate from 
the acceleration signel. The output from each network ie attenuated у 
and applied to а modulator. The rate gain signal from the lag network К 
За attenuated ав a function of dynamic pressure во that at different air- 
speeds, the signal will vary. Тһе coubined signal is modulated ав an 
вс commend signal and routed through two summation points to the aileron . | 
servo amplifier. Я 


Е. Turn Knob (Теги Controller) Signal 2 


(1) When the turn knob on the autopilot controller is moved out of detent, 
а turn controller signal 15 inserted inte the autopilot system. With 
the turn knob out of detent, the turn knob detent relay (9) 15 ener- Es 
gized, permitting the signal to flow through contacts of autopilot ad 
engage relay (8) to the roll rate limiter. Output of the Limiter is ме 
applied to the roll followup where it is used to drive the followp Ы 
uctor. The motor rotates the followup synchro to в new position. This 
new reference 16 passed to the aileron servo emplifier which originates 
aileron commands to drive the aileron servo drive unit. The airplane 
Will bank until the vertical gyro is tipped the заме number of degrees 
ав the rotation of the followup synchro. At this point, the vertical 
gyro and followup synchro signals cancel and remove the command for r 
aileron action. Mechanical limit stops assure thst maximum bank angles 
will not exceed 36 degrees. 


(2) ‘the airplane remains coordinated during turns аз it did during straight 
and level flight. One signal from the aft yaw acceleroneter enters the ms 
rudder channel to eliminate errors in turn coordination. Another signal, 
proportional to coumanded roll rate, is routed from the roll followup г 
tachoneter-generator, through an attenuator, and ап isolation trans- Ее 
former, to the rudder servo amphifier- This signal provides rudder 
action during roll maneuvers to assure well coordinated turn entry and 
exit. Thirty-five degree bank detector relay (10) energizes when the ® 
autopilot ís engaged and bank angles аге less than 35 degrees to allow 
roll rate signals into the rudder channel. If the autopilot is disen- 
gaged, either in yaw damper mode or with over 35 degrees bank angle, the 
detector relay becomes deenergized and shorts the isolation transformer 
primary windings to prevent signal flow. 


F. Roll Followup Resolver Signal 
(1) The roll command resolver, located in the roll followup, puts out a 


double signal: one for nose-up compensation which is applied to the 
longitudinal path control channel (see paragraph 3), and one for 
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feedback to the followup. The resolver is tied mechanically through & 
gear train to the followup motor and synchro. Тһе feedback signal is 
routed to tne followup to balance the turn controller or other signals 
entering the followup. In effect, the feedback stops followup action 
when the synchro hes rotated sufficiently to satisfy the comand Big- 
nal to the followup. If the turn knob is rotated for а specific bank, 
the followup will operate until that specific bank is accomplished. 

At that time, the feedback signal is equal to and opposite the turn 
command signal and nulle out the coumand signal, maintaining the com- 
mand bank. When the turn knob is returned to the detent, the feedback 
signal is greater than the turn comand signal and the synchro is 
driven in the opposite direction to comand a rollout. When the auto- 
pilot is disengaged, any bank error signal frou the vertical gyro 18 
mulled through the contacts of autopilot engage relay (8). However, 
the bank angle signal remains in the resolver, and when the autopilot 
is engaged, the feedback signal rotates the synchro back to null. If 
the autopilot is engaged during a coordinated turn, the airplane will 
roll out to а wings-level attitude. à 


(1) When the turn selector switch 15 rotated to the heading select position, 
eselected heading control is established. The heading select relay 
10 is energized, pervitting а heading select signal from the heading 


а. Heading Select Signal Е 


select synghro to enter the autopilot system. The signa) ін attenuated 

аз a function of Mach number and applied to the amplifier-limiter. The ke 
omplifier-Limiter contains three bank angle limiting circuits: 30 М 

degrees for heading, heading select, and omirange or localizer bracket- 

ing; 15 degrees for approach; and 7 degrees for VOR on course control. 

From the amplifier-limiter, the signal is routed through the roll rate . 
Limiter to the roll followup, where it drives the followup to a new 
reference. The followup synchro signal is applied to the aileron 
servo amplifier and the airplane is banked into a coordinated turn. 
At the preselected heading, the error signal is reduced to zero, 
commanding zero bank angle, and the airplane rolls out Level. 


(2) The heading select signal originates in the captain's or first 
officer's course indicator when а heading is manually set in the 
indicator. The heading select signal can be selected from either 
indicator by using the navigation transfer button on the autopilot con- 
troller. Auto-coupling flag indicators ол the captain's and first к 
officer's instrument panels indicate which course indicator is in use. 


к 


Н. VOR Bracket Signals 


(1) When the navigation receiver is tuned to а YOR frequency and an omi- 
radial is selected, an error signal from the omniheading synchro enters ' 
the autopilot system. The error signal is proportional to the dif- 
ference between the selected onniheading and the existing airplane 
heading. When the turn selector switch is rotated to the L0c/VOR 
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position вла the bean signal strength decreases to 100 millivolts, 

the radio coupler on relay (5) 16 energized. The omiheading synchro 
error signal ів attenuated and routed through the VOR contacta of the 
relay (11) to а summation point. A radio beam displacement signal is 
attenuated and routed through contacts of the on course relay (7), ILS 
relay (11), and в lateral amplifier to arrive at the summation point 
stimltaneously with the oundheading error вісла1. Тһе combined signal 
Ав passed through contacts of radio coupler on relay (5), the amplifier- 
limiter, and the roll rate limiter to the roll followup. ‘These signals 
initiate the turn-on to omnirange radial by driving the followup syn- 
chro to а new reference. ‘The airplane is banked into а coordinated turn 
and bracketing of the beam progresses. Тһе sum of the onniheading 
error plus the radio displacement determines the commanded bank angle. 
The auplifier-Limiter assures that bank angles will not exceed 30 
degrees, When the radio coupler on relay (5) is energized, the local- 
izer gain programmer increases its gain fron 0.5 to 1 over a period of 
15 seconds. This permite the ommiheading error signal to have more 
authority at the edge of the beam, thus increasing the initial bank 
angle во that the airplane will tum more quickly toward the 

VOR/ILS transmitter. 


1. VOR On Course Signals 


а) 


(2) 


(3) 
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The on course relay (7) operates when radio displacement signals become 
less thon 40 millivolts, when the ouniheading error is iess then 17 
degrees, and the bank angle is less than 6 degrees. This relay selects 
a different attenuator for the radio displacement signal, changes the 
bank angle Limit from 30 degrees to 7 degrees, arms an over~station 
sensor circuit in the lateral amplifier, and establishes a circuit to 
hold itself energized until the turn selector switch is moved from the 
ТОС/УОҢ position. The relay also connects the ommiheading error 
signal through a second attenuator to the roll integrator to cancel 
any steady-state radio displacement signals. 


Steady-state omiheading signals from the omniheading synchro, routed 
through contacts of ILS relay (11), are mixed with the integrated omi- 
heading signal which is routed through contacts of the on course relay 
(7), autopilot engage relay (8), and the roli integrator. This mixing 
of omiheading signals permits establishment of crab angle headings with 
the airplane on beam center. 


After the on course relay is energized, the over-station sensor is 
armed, The sensor allows signals to flow through the lateral amplifier 
until the airplane enters the топе directly above the omnirange station 
where erratic radio beam signals exist (zone of confusion). When radio 
signals vary at a rate exceeding 7 millivolts per second, the lateral 
amplifier is smoothly turned off. When the rate drops below 7 milli- 
volts per second, radio signals remain blocked for approximately 15 
seconds. The leteral amplifier is then smoothly turned on and the 
airplane continues to fly outbound from the omnirange station. During 
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the period of over-station sensor operation, the aut 
oantheading synchro signals for guidance through the 
confusion”. 


ilot system uses 
опе of 


Either the captain's or first officer's navigation receiver and course 
indicator can supply radio displacement signale for the autopilot 
100/VOR mode of operation. Pressing the navigation transfer button on 
the autopilot controller transfers the autopilot operation from one 
navigation system to the other. 


J. Doppler Computer Signals 


(1) 


(2) 


(з) 


%) 


When the turn selector switch is rotated to the doppler position, dop- 
pler rader navigation computer signals replace the radio displacenent 
signals from the navigation receiver. When an output is available from 
computer, өл error signal proportional to the difference between the 
selected and actual airplane track angles, enters the autopilot system. 
When the cross-track deviation signal strength decreases to 100 milli- 
volts, radio coupler on relay (5) is energized. Тһе heading and devi- 
ation signals, through paths identical to those taken by VOR bracket 
signals, initiate the turn onto the selected track by causing the air- 
plane to bank in а coordinated turn. Тһе sum of track angle error and 
track deviation determines the comanded bank angles. The required 
bank is smoothly accomplished at a rate of 3 degrees per second through 
action of the roll rate limiter. The amplifier limiter assures that 
bank angles will not exceed 30 degrees. 


When the track devietion signals become less than 40 millivolts, the 
track angle error is less than 17 degrees, and the bank angle is less 
than 6 degrees, doppler on course mode is initiated. Doppler on 
course mode is the заме as the VOR on course mode: the principal change 
when doppler on course mode is achieved is the change in bank angle 
Limit from 30 degrees to 7 degrees. 


Чо features available in the VOR on course mode have no applicability 
to the doppler on course mode: the over-station sensor and crab angle 
headings. The over-station sensor never operates in the doppler on 


„course mode since doppler signals do not vary rapidly enough to oper- 


ate it. The establishment of crab angle headings for doppler operation 
1s achieved by the doppler track angle signal without further integra- 
tion. The actual track angle error signal is the algebraic sum of drift 
angle and heading reference, which requires а definite crab angle to 
bring it to zero. 


Transition from one doppler track to another when the doppler navigation 
computer switches from one stage to another is achieved smoothly through 
action of the roll rate limiter. Since most doppler stage changes 
involve heading changes of 15 degrees or less, the autopilot usually 
remains in the doppler on course mode throughout a doppler commanded 
flight. - 
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K. Тоса)ілеу Bracket Signale 


(1) When the navigation receivere are tuned to an ILS frequency, ILS relay 
(11) їо energized, This relay selects a different attenuator for the 
oaniherding signal, provides a ralio displacewent signal path through 
contacts of the approach relay (2) to the lateral amplifier, allows а 
second displacement signal to appear at the contacts of the radio 
coupler on relay (6), and also permits a signal. which is proportional 
to rate of change of radio bean displacement to enter the lateral ampli- 
fier. During ILS operation, the ouniheading synchro signal which is 
proportional to rate of change of radio beam displacement to enter the 
lateral amplifier. During ILS operation, the omniheading synchro sig~ 
nol is used to sense errors between airplane heading and the inbound 
runway heading as selected by the pilot. When the turn selector ewitch 
15 rotated to LOC/VCR or glide path positions and beam signal strength 
falls below 150 millivolts, radio coupler on relay (5) is energized 
and localizer bracket mode is initiated. All signals at the "оп" con- 
tacts of radio coupler on relay аге then permitted to enter the roll 
followup through the amplifier and roll rate limiters. At this time, 
the localizer gain programmer increases its gain from 0.5 to 1 over 
а period of 15 seconds. This permits the cnniheading signal to have 
more authority at the edge of the beam, thus increasing the initial 
pank angle so that the airplane will turn more quickly toward the ILS 
transmitter. As the airplane approaches beam center, the displacement 
signal assumes greater authority. 


Е 


(2) Ав bank angles become less then 6 degrees, а path is created for the 
second radio displacement signal. This signal is attenuated and routed 
through contacts of ILS relay (11), radio coupler on relay (5), bank 
threshold relay (6), approach relay (2), on course relay (7), and auto- 
pilot engage relay (8) to the roll integrator. This signal is sumued 
with other signals before entering the amplifier Limiter and is used 
to cancel any steady-state radio displacement signals present during 
the localizer bracket mode. 


L. Lecalizer Approach Signals 


(1) When the turn selector switch is rotated to the glide path position, the 
autopilot system automatically captures the glide slope beam ав it is 
intercepted (see paragraph 3.H). After completion of localizer bracket 
and glide slope interception, it is desirable to reduce the bank angie 
Limit and change the signal ratio of redio-rate to displacement. This 
18 accomplished by operation of the approach relay (2). Contacts of 
this relay change ILS displacement signal attenuators, change rate 
attenuators, and provide a new path for displacement signals to enter 
the roll integrator. This new path is not dependent upon the bank 
threshold relay. When the approach relay is energized, a signal from 
the amplifier-limiter is attenuated and sumed with the aft yaw (lat~ 
eral) acceleration signal. 
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{2) Three requirements must be met sim)taneously before approach relay (2) 
15 energized: the glide slope mst be engaged, radio displacement must 
be less than 50 millivolts, ond cross-beam rate mast be leas than 2 mil- 
livolts per second. During the approach mode, the xoll integrator сап- 
celo steady-state radio displacement signals во that the airplane may 
establish the necessary crab angle for crosswind correction and still 
follow the localizer beam center. Тһе localizer gain programer starta 
to decrease its gain ratio from 2 to 1 over a period of 75 seconds, 

Ав the airplane flies dom the beem, the localizer radio displacement 
signal 18 smoothly decreased, thus automatically compensating for the 
increasing gain of the localizer beam. ‘The approsch relay aleo allows 
а signal proportional to roll command to enter the lateral acceleration 
amplifier filter to compensate for long term airplane asynmetries such 
ав those caused by loss of an engine. If the radio altimeter system 

1s operative, both localizer and heading gains are programed down, 
beginning at 1000 feet of radio altimeter altitude. Localizer gains 
ere рговгаптей for 75 seconds and heading gains аге programmed for 

85 seconds. 


М. Rudder and АЗЛегоп Se: 


System Operation Be 
я 


(1) Воз) control signals are amplified in the aileron servo amplifier. 
Direct current output fron the servo amplifier is electrically limited 
and applied to the aileron servo drive unit where 1t is used to drive 
the servo motor. Torque developed by the motor is suplified through š 
a power gear train and transmitted through a clutch to drive the servo Е 
cable drum and move the aileron control system cables. А damping ы 
signal is fed back to the servo amplifier by the servo tachometer- 
generator. When the autopilot is disengaged, a nuliing followp signal 
from a clutched synghro is fed to the servo amplifier бо balance the 
servo system. This clutch is released and the position synchro is 
locked when the autopilot is engaged. 


(2) Хам control signals are amplified in the rudder servo amplifier, Direct 
current output from the servo amplifier is electrically limited and 
applied to the rudder servo drive unit. Operation of the rudder servo 
drive unit is similar to the aileron servo drive unit operation 
described in the preceding paragraph. 
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AUTOPILOT - DESCRIPTION AND OPERATICU 


1. Description 


А. ‘The autopilot is that portion of the auto flight control system which oper- 
ates the flight control surfaces of the airplane ас needed to maintain 
atraight and level flight or to maneuver in response to pilot commands. 
Operating modes can be selected to provide automatic control of: 


о) 
(г) 
©] 
(hy 
(5) 
(6) 
(7) 
(8) 
{9} 


Yaw damping 

Constant altitude 

Coordinated turn 

Vertical speed 

Pitch damping during turbulence 
Preselected compass heading 

Qunirange flying and localizer guidance 
ILS control 


Split-axes control 


B. Yaw Damper 


(1) The yaw damper function can be engaged separately to provide necessary 
yaw damping during manual flying. Yaw damper control is not reflected 


at the rudder pedals. 


С. Autopilot Control 


(1) When the complete system is engaged, the autopilot controls the airplane 
Ап roll, pitch, and yaw axes. ‘The existing attitude and directional 


reference is automatically maintained. 


D. System Components (See Figure 3.) 


Component 


Function 


a) 
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Autopilot mode annunciator 


Provides visual display of radio 
guidance/approach mode controll- 
ing autopilot. 
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Component 


Function 


(2) 


6) 


9) 


(5) 


(6) 


(99) 


(8) 


(9) 


(10) 


Automatic pilot controller 


Automatic pilot indicator 


Autopilot release switches 
Autopilot servos (split-axes) 
switches 


Accelerometers (6 req'd.) 


Servo drives and brackets 
(2 req'd.) 


Yaw axis electrohydraulic 
transfer valve (part of rudder 
hydraulic power package) 


Roll. channel computer 


Yaw channel computer 


Provides fingertip controls to 
enabie the captain and first officer 
to engage the autopilot, select the 
various modes of operation, and to 
initiate maneuvering commands. 


Provides visual indication of ail- 
eron anà elevator servo dvive trim 
conditions and output of yaw асіле- 
tor position transducer, Lights 
indicate autopilot off, glide path 
armed, auto trim off. 


Provide disengagement of the roll 
and pitch axes of the autopilot, 


Provide independent cutoff of уан, 
roll, and pitch control functions. 


‘Translate acceleration in yaw, roll, 
and pitch axes into electrical sig- 
nals for damping short-period atti- 
tude changes. 


Initiate movement of the ailerons 
and elevator in response to ampli- 
fied signals from the roll and pitch 
channels. 


Provides the means for yaw channel 
input to the main control valve in 
the rudder hydraulic power package. 


Provides roll axis interlock; com- 
putes and shapes error and command 
signals to drive the aileron servo 
drive. 


Provides automatic stability augmen- 
tation and turn coordination in 
response to conmard signals from the 
autopilot sensing and control 
devices. 
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№ (а) 


2. AUTOMATIC PILOT 3. AUTOMATIC PILOT 
ӘНЕ алы ت‎ 
1. AUTOPILOT MODE 4. AUTOPILE у уе 
SWITCH (2 REQD) 
а (CAPTAIN'S 4 т, 


a 9 


5. SPLIY-AKES б. ACCELEROMETER 
oS 46 REQD) 
SWATCHES 


7. SERVO 


DRIVE & BRACKET 
(2 ЕВ 
8. YAW AXIS ELECT ROHYDRAULIC 
TRAUSFER VALVE GHTEGRAL Ё 
PART OF RUDDER POWER 


11. PITCH CHANNEL 
COMPUTER 


12. AIR DATA, 
COMPUTER 


HA2-446bA 
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Component Function 


(31) Pitch channel computer Provides pitch axis interlock; 
computes and shapes error and com- 
mand aignals to drive the elevator 
servo drive, 


(22) Air data computer Provides signals for autopilot ver- 
tical speed, altitude hold, Mach 
Qjp data airspeed (Q) switching of 
autopilot command parameters, and 
airspeed and Vach number data. 


2. Operation 


А. Yaw Axis Е 
в 


(2) Synchronization 


(а) With yaw axis circuit breakers closed and power applied, the auto- 
pilot provides self-synchronization within the yaw channel computer. Bex 
The synchronization provides a null output from the torauer amplifier F 
to the rudder electrohydraulic transfer valve. With pitch and roll 
axes circuit breakers also closed, synchronization to airplane Ы 
magnetic heading, аз sensed by the directional gyro, is provided 
within the yaw channel computer by a heading synchronizer. Тһе 
heading reference output signal is routed to the roll channel 
computer. 


(2) Yaw Damper 


(а) Тис yaw damper mode is engaged when yaw axis ac and de circuit on 
breakers are closed and the servos engage lever on the automatic 
pilot controller is moved to yaw damper. The servos engage lever is . 
held at yaw damper if all yaw axis engage path interlock requirements m 
are met. The yaw channel computer provides rudder command signals to 
damper. the airplane dutch roll characteristics during manually and 
automatically controlled flight. Because of the rudder hydraulic ы 
and linkage tie-ins with the sanual controls, automatic yaw damper - 
control actions are not reflected at the rudder pedals. Further, 
the pilot can maneuver the airplane in a normal manner through the 
rudder pedals with no opposing force or action from the yaw damper. 


(b) With pitch and roll axes circuit breakers closed, the yaw channel 
computer also provides rudder command signals to assist turn 
maneuvers, 
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(5) Autopilot 


(а) 


%) 


The autopilot mode ів engaged when yaw axis, pitch and roll axes, 
and air data circuit breakers are closed and the servos engage lever 
is set at autopilot. ‘his continues уам damper operation and also 
engages the roll and pitch axes. Тһе yaw, roll, and pitch axes are 
series interlocked for autopilot control. When an interlock inter- 
ruption occurs in any axis, the autopilot mode is automatically dis- 
engaged. If the pitch or rol) axis is malfunctioning, the servos 
engage lever drops to yaw damper position and the autopilot off 
Light comes on as an indication to the pilot. ‘The light remains on 
until one of the autopilot release buttons ia pressed. 5 


During the approach phase of ILS operation, the yaw channel computer 
receives а roll command to rudder signal that compensates for long- 
term airplane heading asymmetries such as loss of an engine. In 
addition, a heading synchronizer in the yaw computer module receives 
heading signals from the directional gyro and provides heading refer- 
ence and heading error data to the roll channel computer for heading 
hold functions, 


Roll Axis 


(2) Synchronization 


(a) 


With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane roll 
attitude and magnetic heading. This synchronization provides а null 
output from the aileron servo amplifier to the aileron servo drive 
motor. 


(2) Roll Axis Engage 


(а) 


{) 


(е) 


‘The roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 
lever is held at autopilot if all engage path interlock requirements 
are met. 


If the roll axis is engaged when the aircraft is at a roll angle (up 
to 55 degrees), the airplane automatically returns smoothly to а 
wings-level condition. When the airplane roll angle reduces to less 
than 6 degrees, the autopilot automatically couples the airplane to 
the compass heading (compass system). 


Heading hold is initiated with the navigation selector switch on the 


automatic pilot controller at turn knob and the turn knob at detent, ` 


heading hold is automatically established when airplane bank angle із 
less than 6 degrees. 
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(4) Automatic disengagement of the autopilot mode occurs when the roll 
axis monitor detects a malfunction within the roll axis. The servos 
engage lever drops to yaw damper and the autopilot off light comes 
on as an indication to the pilot. Тһе pitch and yaw axes may be 
operated by using the split-axes servo switches (see paragraph р). 


(5) Turn knob 


(а) The turn knob, located on the automatic pilot controller, ie the 
primary rol) control code. ‘Tho knob provides a manual turn control 
function for changing eirplane heading. Тһе turn knob must be in 
detent to engage the autopilot. 


(0) ‘The turn knob operates through the roll axis (aileron channel) to 
establish and hold the desired bank angle required to initiate а 
heading change. Тһе degree and direction of bank angle 48 ргорог- 
tional to the amount and direction of turn knob rotation. When the 
turn knob іа moved from detent, the roll axis automatically decouples 
from the heading reference. As long as the turn knob is left out of 
detent, the airplane remains in a turn at the commanded bank angle. ЕЕ 
When the turn knob is returned to detent, the airplane returns to | 
wings level and is recoupled to the heading reference which exists ы 
when bank angle becomes than 5 degrees. Operation of the turn knob Е 
takes priority over апу lateral control mode. 


(а) The heading select mode operates through the roll axis to establish 
and follow a chosen heading set on the course indicator or equivalent 
heading display. The heading select cursor on the indicator is posi- 
tioned at the desired heading by using the heading select syne knob. 
With the navigation selector switch set at heading select, the air- 
plane is automatically banked at a controlled roll rate up to a р 
limited bank angle, to execute a turn toward the selected heading. 

Ав this heading is approached, the airplane is smoothly brought to 
wings-level. The airplane is aligned with the selected heading and 
is directed to maintain that heading until new comands are given to 
the autopilot. 


(8) Heading Select = 


(5) Localizer/Onnirange 


(а) Тһе roll channel computer provides aileron control іп response to М 
lateral radio signals (VOR and ILS) if the navigation selector switch 4 
is rotated to L0C/VOR and the navigation receiver is turned to the 
proper frequency. Desired omniradial heading or inbound runway 
heading must be set on the pictorial deviation indicator, 


(b) Automatic beam capture is initiated by the pilot, establishing an 
appropriate intercept heading using either the turn knob or heading 
select move. After the airplane rolls out on the intercept course, 
rotating the navigation selector switch to 100/VOR establishes 
heading hold until lateral beam intercept. 
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At bean intercept, the airplane turns toward the tranamitting station 
at a limited bank angle that 1з а function of beam error, rate of 
change of beam error (ILS only), and course (runway) heading error. 
When the airplane attains the selected radial at beam center (on- 
course) the autopilot automatically integrates for crosswind correc- 
tion, As the airplane approaches the zone-of-confusion above the VOR 
tranonitter, interlocks decouple the beam signal, and the airplane is 
directed to fly at the drift-corrected radial heading. After passing 
the VOR station, the beam is again switched into roll command cir- 
елігу and the autopilot tracks the outbound radial. 


(6) тз 


(a) 


(e) 


{7) 


With the navigation selector switch set to ILS at a specified beam 
error, glide path control is initsated. The pitch channel computer 
controls descent to glide path beam center channel while the roll 
computer maintains the airplane on beam center to minimum altitude or 
disengagement. 


Interlocks prevent selection of ILS unless the pitch axis is engaged 
and appropriate radio receiver is tuned to ILS frequency. Тһе navi- 
gation selector switch wil) not hold in ILS апа glide path capture is 
prevented. 


Auxiliary Navigation Control (Орбіолв1) 


Тһе autopilot rol! axis can provide automatic control in response to 
track error and cross-track deviation information received from an 
auxiliary navigation or inertial guidance system to maintain a selected 
ground track or sequence of ground tracks. Auxiliary navigation or 
inertial navigation is engaged by pressing and rotating the navigation 
selector switch to AUX NAY after setting the initial conditions in the 
auxiliary navigation or inertial controller. Upon engagement, the air- 
plane is automatically turned to intercept auxiliary navigation track. 


Pitch Axis 


(1) Synchronization 


(а) 


With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane pitch atti- 
tude, vertical speed, and altitude. ‘This synchronization provides a 
nul} output from the elevator servo amplifier to the elevator servo 
drive motor prior to engagement. 


(2) Pitch Axis Engage 


(a) 


The pitch axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. Тһе servos engage 


lever is held at autopilot if all engage path interlock requirements 
are met. 
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When engaged, the pitch axis provides a vertical speed hold function. 
This is the primary pitch control mde. Thia mode adjusts the pitch 
attitude of the airplane to шаїпїаїп the vertical speed existing 
when the pitch axis was engaged. The vertical speed hold function 
continues until changed by use of the vertical speed wheel on the 
automatic pilot controller. 


Automatic disengagement of autopilot control occurs when the pitch 
axis monitor detects а malfunction within the pitch axis. Тһе servos 
engage lever drops to yaw дапрег and the autopilot off light cones 
оп аз an indication to the pilot. The yaw and roll axes may be 
operated by using the split-axes servo switches (see paragraph р). 


(5) Vertical Speed Control 


(а) 


б) 


Тһе detent (center) position of the vertical speed wheel is altitude 
hold (zero vertical speed), During synchronization, the motor-driven 
vertical speed wheel follows up to vhe vertical speed of the airplane, 
providing а vertical speed reference for the vertical speed hold 
function at engagement, 


When the vertical speed wheel is moved out of detent, the airplane 
assumes, and adjusts as required, a pitch attitude to hold the com- 
manded vertical speed. The pilot observes the rate of climb or 
descent on the vertical speed indicator and manually adjusts the 
vertical speed vheel to obtain the desired vertical speed. ‘The pitch 
selector switch returns to vertical speed when the vertical speed 
wheel is manually moved. The navigation selector switch returns to 
turn knob when the airplane is under glide path control mode if the 
vertical speed knob is manually moved. If the system is in the glide 
path extension mode, and was manually or automatically engaged to 
‘this mode, manual movement of the vertical speed wheel reverts the 
system to the turn knob and/or vertical speed modes. 


(4) Altitude Hold 


(a) 


Altitude hold is established when the vertical speed wheel is at alti- 
tude hold (zero vertical speed). ‘The airplane altitude existing when 
the vertical speed wheel is returned to the detent (altitude hold) 

position is maintained until a change in vertical speed is commanded. 


(5) Pitch Damp 
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(a) 


When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode is initiated. During this mode, 
which is used for turbulence penetration, automatic pitch trim is 
disconnected. Pitch trim is accomplished Әу manual actuation of the 
horizontal stabilizer controls. A “soft" pitch attitude damping 
function is provided by the autopilot to minimize pitch deviations. 
There is no vertical gyro pitch attitude reference during operation 
of pitch damp mode. 
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(6) Glide Path Control - Automatic 


(а) The autopilot pitch axis provides automatic glide path control from 
signals received from a glide path receiver. The system automati- 
cally captures the glide path beam when the pitch axis is engaged, 
the glide path receiver 36 tuned to an 15 frequency, and the navige- 
tion selector switch is at ILS.. At glide path capture the pitch 
sélector switch returns to vertical speed if the witch was at 
another position, 


(9) А 10-second capture period begins at glide path capture. During this 
period, a fixed vertical speed command is applied to the pitch 
channel computer, causing the airplane to descend at approximately 
700 feet per minute. The vertical speed wheel follows up to this 
commanded rate of descent. 


(с) After the 10-second capture period terminates, the airplane is 4n the 
glide path control phase. In this phase, the airplane follows the 
glide path beam. 


(4) The vertical speed wheel follows up to the rate of descent during the 
control phase. Heading, localizer, and glide path gain progracming 
are initiated as a function of radio altimeter altitude (analog дс 
output). If the radio altimeter malfunctions, localizer and glide 
path gains are programmed at glide path capture to compensate for IES 
beam convergence. ‘The contro? phase ends where the pilot terminates 
‘the automatic approach to land the airplane manually, 


Ее» me 


(17) Glide Path Extension - Manu 


The glide path extension mode is manually engaged by placing the pitch 

selector switch at G/P EXT. ‘This mode can be used by the pilot to ini- 

tiate glide path second-stage gain programming only when glide path is 

energized {capture +30 seconds}, the radio altimeter has failed or is 

hot connected to the autopilot, and the middle marker beacon is not 

passed. If the radio altimeter is disabled or not installed, glide 

path gains аге second-stage programmed automatically upon interception “ 
of the middle marker beacon. 


р, Split-Axes Operation 


трі 


(1) The three autopilot (aplit-axes) servo switches, located on the flight 
instrument pane) provide independent cutoff of roll, pitch, and yaw 
control functions of the autopilot, In this manner, the pilot may use 
manual control їп one or two axes while the autopilot retains control ' 
in the remaining engaged axes. Jn addition, even though а malfunction 
occurs in опе or more control channels а portion of the autopilot may 
still be used. Aplit-axes operation also provides approach operation 
with manual pitch axis control. 
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(2} The roll and pitch channels can be split off individually, but the yaw 
channel can not. If the yaw channel is to be split off; both rudder 
and aileron servo switches must be placed in their off positions. This 


48 necessary due to roll channel dependence on yaw damper for proper 
performance. 
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AUTOPILOT - DESCRIPTION AND OPERATION 


1. Description 
А, The autopilot is that portion of the auto flight control aystem which oper- 

ates the flight control surfaces of the airplane as needed to maintain 
straight and level flight or to maneuver in response to pilot commands, 
Operating modes can be selected to provide automatic control of: 

(2) Yaw damping 

(2) Constant altitude 

(5) Coordinated turn 

(%) Vertical speed 

(5) Pitch damping during turbulence 

(6) Preselected compass heading 

(T) Omirange flying and localizer guidance 

(8) ILS control 

(9) Constant indicated airspeed or mach number. 


В. Yaw Damper 


(1) The yaw damper function can be engaged separately to provide necessary 


yaw damping during manual flying. Yaw damper control is not reflected 
at the rudder pedals. 


С. Autopilot Control 


(2) When the complete system is engaged, the autopilot controls the airplane 
in roll, pitch, and yaw axes. The existing attitude and directional 
reference is automatically maintained. 


р. System Components (See Figure 1.) 


Component Function 

(1) Autopilot Mode Annunciator Provides visual display of radio 
guidance/approach mode controlling 
autopilot. 
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Component 


Function 


(2) 


(3) 


(6) 


(7) 


(8) 


(9) 


(10) 
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Automatic Pilot Controller 


Automatic Pilot Indicator 


Autopilot Release Switches 


Accelerometers 
(віх required} 


Servo Drives and Brackets 
(two required) 


Yaw Axis Electrohydraulic 
Transfer Valve 
(part of rudder hydraulic 
power package) 


Roll Channel Computer 


Yaw Channel Computer 


Pitch Channel Computer 


Provides fingertip controls to enable 
the captain and first officer to en- 
gage the autopilot, select the 
various modes of operation, and to 
initiate maneuvering comands. 


Provides visual indication of aileron 
and elevator servo drive trim con- 
ditions and output of yaw actuator 
position transducer. Lights indicate 
autopilot off, glide path armed, aute 
trim off. 


Provide disengagement of the roll and 
pitch axes of the autopilot. 


Translate acceleration in yaw, roll, 
and pitch axes into electrical signals 
for damping short-period attitude 
changes. 


Initiate movement of the aileron and 
elevator in response to amplified 
signals from the roll and pitch 
channels, 


Provides the means for yaw channel 
input to the main control valve in 
the rudder hydraulic power package. 


Provides roll axis interlock; com- 
putes and shapes error and command 
signals to drive the aileron servo 
drive. 


Provides automatic stability augmen- 
tation and turn coordination in re- 
sponse to command signals from the 
autopilot sensing and control devices. 


Provides pitch axis interlock; com- 
putes and shapes error and command 
signals to drive the elevator servo 
drive. 
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Component Function 


(21) Air Data Computer 


Provides signals for autopilot verti- 
cal speed, altitude hold, Mach Qc/p 
data, and airspeed (9) switching of 
autopilot command parameters, and 
airspeed and Mach number data. 


Operation 


А. Yaw Axis 


(2) Synchronization 


а) 


With yaw axis circuit breakers closed and power applied, the auto- 
pilot provides se2f-eynchronization within the уам channel computer. 
The synchronization provides a null output from the torquer amplifier 
to the electrohydraulic transfer valve. With pitch and rol) axes 
circuit breakers also closed, synchronization to airplane magnetic 
heading, as sensed by the directional gyro, is provided within the 
yaw channel computer by a heading synchronizer, The heading ref- 
erence output signal is routed to the roll channel computer. 


(2) Yaw Damper 


(a) 


(b) 


Тпе yaw damper node is engaged when yaw axis ac anà 4с circuit 
breakers are closed and the servos engage lever on the automtic 
pilot controller 16 moved to уам damper position. Тһе servos engage 
lever ic held at the yaw damper position if all yaw axis engage path 
interlock requirements are met. ‘The yaw channel computer provides 
rudder command signals to dampen the airplane dutch roll character- 
istics during manually and automatically controlled flight. Because 
of the rudder hydraulic and Linkage tie-ins with the manual controls, 
yaw damper control actions are not reflected at the rudder pedals. 
Further, the pilot can maneuver the airplane in a normal manner 
through the rudder pedals with no opposing force or action from the 
yaw damper. 


With pitch and roll axes circuit breakers closed, and the autopilot 
mode engaged, the yaw channel computer also provides rudder command 
signals to assist turn maneuvers. 


(5) Autopilot 


(a) 


The autopilot mode is engaged when yaw axis, pitch and roll axes, 
and air dota circuit breakers are closed and the servos engage lever 
is set at autopilot. This continues yaw damper operation and also 
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engages the roll and pitch axes. Тһе yaw, roll, and pitch axea аге 
series interlocked for autopilot control. When ап interiock inter- 
ruption occurs іп any axis, the autopilot mode is automtically àis- 
engaged. If the pitch or roll axis is malfunctioning, the servos 
engage lever drops to yaw damper position and the autopilot off light 
cones on as an indication to the pilot. The light remains on until 
one of the autopilot release buttons 1з pressed. 


(b) During the approach phase of ILS operation, the yaw channel computer 
receives a roll command to rudder signal that compensates for longe 
term airplane heading asymmetries such as loss of an engine. In 
addition, a heading synchronizer in the yaw computer module ‘receives 
heading signals from the directional gyro and provides heading 
reference and heading error data to the roll channel computer for 
heading hold functions. 


в. ROLL Axis Ы 
(1) Synchronization 
(а) With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane roll atti- 
tude and magnetic heading. Тһ. з synchronization provides а null out- 
put from the aileron servo amplifier to the aileron servo drive 
motor. 


(2) Roll Axis Engage 


(a) The roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. Тһе servos engage 
lever is held at autopilot position if all engage path interlock 
requirements are net. 


(о) If the roll axis is engaged when the aircraft is at a roll angle (up 
to 35 degrees), the airplane automatically returns smoothly to a 
wings-level. condition. When the airplane roll angles reduces to i 
less than 6 degrees, the autopilot automatically couples the air- we 
plane to the compass heading (compass system). 


(е) Heading hold is initiated with the navigation selector switch on the be 
automatic pilot controler at turn knob and the turn knob at detent, 
heading hold is automatically establishee. when airplane bank angle 
is less than 6 degrees. 


(а) Automatic disengagement of the autopilot mode occurs when the roll 
axis monitor detects а malfunction within the roll axis. The 
servos engage lever drops to yaw damper, and the autopilot off light 
comes on as an indication to the. pilot. 
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(5) Turn Knob 


(a) 


(b) 


‘he turn knob located on the automatic pilot controller 1з the pri- 
mary roll control mode. The knob provides a manual turn control 
function for changing airplane heading. Тһе turn knob must be in 
detent to engage the autopilot. 


The turn knob operates through the roll axis (aileron channel) to 
establish and hold the desired bank angle required to initiate a 
heading change. Тһе degree and direction of bank angle is ргорог- 
tional to the amount and direction of turn knob rotation. When the 
turn knob is moved from detent, the roll axis automatically decouples 
from the heading reference. As long as the turn knob is left out 


of detent, the airplane remains in a turn at the commanded bank angle. 


When the turn knob is returned to the detent position, the airplane 
returns to wings level and is recoupled to the heading reference 
which exists when bank angle becomes less than 6 degrees, Operation 
of the turn knob takes priority over any lateral control mode. 


0) Heading Select 


(a) 


The heading select mode operates through the roll axis to establish 
and follow a chosen heading set on the course indicator or equivalent 
heading display. The heading select cursor on the indicator is 
positioned at the desired heading by using the heading select sync 
knob. With the navigation selector switch set to heading select, 
the airplane is automatically banked at a controlled roll rate up to 
а limited bank angle to execute a turn toward the selected heading. 
Ав this heading is approached, the airplane is smoothly brought to 
wings-level. Phe airplane is aligned with the selected heading anà 
is directed to maintain that heading until new commands are given to 
the autopilot. 


(5) Lecalizer/Omnirange 


(a) 

(>) 

(е) 
сов ө, 


Тһе roll chennel computer provides aileron control in response to 
lateral radio signals (VOR and ILS) if the navigation selector switch 
is rotated to LOC/VOR and the navigation receiver is tuned to the 
proper frequency. Desired omniradial heading or inbound runway 
heading must be set on the pictorial deviation indicator, 


Automatic beam capture 4s initiated by the pilot establishing ап 
appropriate intercept heading, using either the turn knob or heading 
select mode. After the airplane roils out on the intercept course, 
rotating the navigation selector switch to LOC/VOR establishes 
heading hold until lateral beam intercept. 


At beam intercept, the airplane turns toward the transmitting station 
аї а limited bank angle that is a function of beam error, rate of 
change of beam error (ILS only), and course runway heading error. 
When the airplane attains the selected radial at beam center 
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(оп-сош se) the autopilot automatically integrates for crosawind 
correction, As the airplane spproachea the zone-of-confuaion above 
the VOR transmitter, interlocks decouple the beam aignal, and the 
airplane is directed to fly at the drift-corrected radial heading. 
After passing the VOR station, the beam is again switched into roll 
command circuitry, and the autopilot tracks the outbound radial, 


(6) ш 


(а) 


0) 


With the navigation selector switch set to JLS at a specified beam 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center while che roll channel 
computer maintains the airplane on localizer beam center to minimum 
altitude or disengagement. 


Interlocks prevent selection of ILS unless the pitch axis is engaged 
and appropriate radio receiver is tuned to ILS frequency. The navi- 
gation selector switch will not hold in ILS, and glide path capture 
is prevented. 


(4) Auxiliary Navigation Control (Optional) 


The autopilot roll axis provides automatic control in response to track 
error and cross track deviation information received from an auxiliary 
navigation systen to maintain а selected ground track or sequence of 
ground tracks. Auxiliary navigation is engaged by pressing and rotating 
the navigation selector switch to AUX NAV after setting the initial con- 
ditions in the auxiliary navigation controller. Upon engagement, the 
airplane will automatically Бе turned to intercept auxiliary navigation 
track. Auxiliary navigation control of the airplane is implemented only 
in airplanes equipped with auxiliary navigation systems. 


С. Pitch Axis 


(2) synchronization 


(а) 


With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization of airplane pitch atti- 
tude, vertical speed, and altitude. This synchronization provides a 
null output from the elevator servo amplifier to the elevator servo 
drive motor prior to engagement. 


(2) Pitch Axis Engage 


(а) 


Тһе pitch axis is engaged when the servos engage lever on the auto~ 
matic pilot controler is moved to autopilot. The servos engage 


lever is held at autopilot if all engage path interlock requirements 
are met. 


(b) 


(e) 
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When engaged, the pitch axis provides a vertical speed hold function. 


This 18 the primary pitch control mode, It adjusts the pitch atti- 
tude of the airplane to maintain the vertical speed existing when 
the pitch axis мав engaged, ‘The vertical speed hold function con- 
tinues unti} changed by use of the vestical speed wheel on the 
automatic pilot controller, 


Automatic disengagement of autopilot control occurs when the pitch 
axis monitor detecte a malfunction within the pitch axis. The 


servos engage lever drops to yaw damper and the autopilot off Light 
comes on as an indication to the pilot. 


(5) Vertical Speed Control 


(a) 


у 


Тһе detent (center) position of the vertical speed wheel is altitude 
hold (zero vertical speed). During synchronization, the motor- 
driven vertical speed wheel follows up to the vertical speed of the 
airplane, providing a vertical speed reference for the vertical 
speed hold function at engagement. 


When the vertical speed wheel is moved out of detent, the airplane 
assumes (and adjusts as required} a pitch attitude to hold the com- 
wanded vertical speed. The pilot observes the rate of climb (or 
descent) on the vertical speed indicator and manually adjusts the 
vertical speed wheel to obtain the desired vertical speed, The 
pitch selector switch returns to vertical speed when the vertical 
speed wheel is manually moved. Тһе navigation selector switch 
returns to turn knob when the airplane is under glide patn contro) 
node if the vertical speed knob is manually moved. If the system is 
in the glide path extension mode (and was manually or automatically 
engaged to this mode}, manual movement of the vertical speed wheel 
reverts the system to the turn knob and vertical speed modes. 


($) Altitude Hold 


(a) 


Altitude hold is established when the vertical speed wheel is at 
altitude hold (zero vertical speed). The airplane altitude existing 
when the vertical speed wheel is returned to the detent (altitude 
hold) position is maintained until a change in vertical speed is 
commanded . 


(5) Pitch Damp 


(a) 
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When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode is initiated. During this коде, 
which is used for turbulence penetration, autoratic pitch trim is 
disconnected. Pitch trim 1з accomplished by manual actuation of the 
horizontal stabilizer controls. A "soft" pitch attitude damping 
function is provided by the autopilot to minimize pitch rate devia- 
tions. There is no vertical gyro pitch attitude reference during 
operation of pitch damp mode. 
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Glide Path Control - Automatic 


(а) The autopilot pitch axis provides sutomatic glide path control from 


signals received from а glide path receiver. The system automti- 
cally captures the glide path beam when the pitch axis is engaged, 
the glide path receiver is tuned to an ILS frequency, and the navi- 
gation selector switch is at ILS. At glide path capture the pitch 
selector switch returns to vertical speed if the switch was at 
another position, 


(9) А 10-second capture period begins at glide path capture, During 


this period, fixed vertical speed command 1з applied to the pitch 
channel computer, causing the airplane to descend at approximately 
700 feet per minute. Тһе vertical speed wheel follows up to this 
commanded rate of descent. 


(е) After the 10-second capture period terminates, the airplane is in 


the glide path control phase. In this phase, the airplane follows 
the glide path beam. 


(4) тие vertical speed wheel follows up to the rate of descent during 


(т) 


(8) 


(b) 


Jan 1/69 


the control phase. Heading, Зоса13лег, and glide path gain pro~ 
graming are initiated as a function of radio altimeter altitude 


(analog dc output). If the radio altimeter malfunctions, localizer ` 


and glide path gains are programed at glide path capture to com- 
pensate for ILS beam convergence, The control phase ends when the 
pilot terminates the automatic approach to land the airplane 
manually. 


Glide Path Extension 


The glide path extension mode is manually engaged by placing the pitch 
selector switch at G/P RXT. This rode can be used by the pilot to 
initiate glide path second stage gain programing only when glide path 
За energized (capture +10 seconds), the radio altimeter has failed or 
18 not connected to the autopilot, and the middle marker beacon is not 
passed, If the radio altimeter is disabled or not installed, glide 


path gains are second-stage programed automatically upon interception 
of the middle marker beacon. 


TAS Hola 
(а) The IAS (indicated airspeed) hold mode is engaged by moving the pitch 
selector switch to the ТАЗ hold position. Тһе indicated airspeed 


existing at the time of engagement is maintained by automatic adjust- 
ment of the airplane pitch attitude. 


With the pitch axis engaged, the vertical speed hold function auto- 
matically controls vertical speed. When the desired indicated air- 
speed is attained, the pitch selector switch is rotated to the IAS 
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hold position. Automatic elevator control adjusts pitch attitude to 
maintain the desired airspeed; throttle adjustment wil.) maintain 
rate of climb or descent. 


(е) When the desired altitude is reached, moving the vertical speed wheel 
to the detent discngages IAS hold. Тһе pitch selector switch returns 
to the vertical speed position and altitude hold is engaged. 


(9) Mach Hola 


(a) ‘The Mach hold mode is engaged by moving the pitch selector switch to 
the Mach hold position, ‘The Hach number existing at the time of 
engagement is maintained by automatic adjustment of the airplane pitch 
attitude. As the airplane climbs at a constant speed, the Mach 
number increases with altitude. When the desired Mach number із 
attained, the pitch selector switch is pressed and rotated to the 
Mach hold position. The airplane then clinbs at a decreasing air- 
speed to maintain the desired Mach number. Moving the vertical 
speed wheel to the detent disengages the Mach hold mode. The pitch 
selector switch returns to the vertical speed position and the 
altitude hold mode is engaged. 
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AUTOPILOT - DESCRIPTION AND “PERATION 


21. Description 


А. The autopilot is that portion of the auto flight control system which 
operates the flight control surfaces of the airplane as needed to maintain 
straight and level flight or to maneuver in response to pilot commands, 
Operating modes can be selected to provide automatic control of: 


(1) Yaw damping 
(2) Constant altitude 
(3) Coordinated turn 


(lh) Vertical speed 


(5) Pitch damping during turbulence 


(6) Preselected compass heading 


(Т) Omnirange flying and localizer guidance 


(8} ILS control. 


В. Yaw Damper 


(1) Тһе yaw авшрег function can be engaged separately to provide necessary 


yew damping during manual flying. 


at the rudder pedals. 


С, Autopilot Control 


(1) Жеп the complete system is engaged, the autopilot controls the airplane 
‘The existing attitude and directional 


За roll, рібеһ, and yaw axes. 


Yaw damper control is not reflected 


reference is automatically maintained, 


D. System Components (See Figure 1.) 


Component 


Function 


(1) Autopilot Mode Annuneiator 


{2) Automatic Pilot Controller 


Provides visual display of radio 
guidance/approach mode controlling 
autopilot. 


Provides fingertip controls to 
enable the captain and first offi- 
cer to engage the autopilot, select 
the various modes of operation, and 
to initiate maneuvering commands. 
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Component 


Punction 


(3) Automatic Pilot Indicator 


(4) Autopilot Release Switches 


(5) Accelerometers 
{six required) 


(6) Servo Drives and Brackets 
(two required) 


(1) Yew Axis БівсікоһудгаШіс 
Transfer Valve 
(part of rudder hydraulic 
power packege) 


(8) Roll Channel Computer 


(9) Yaw Channel Computer 


(10) Pitch Channel Computer 


Provides visual indication of allem 
ron and elevator servo drive trim 
conditions and output of yaw actu- 
ator position transducer. Lights 
indicate autopilot off, glide path 
armed, auto trim off. 


Provide disengagement of the rol) 
and pitch axes of the autopilot. 


‘Translate acceleration in yaw, roll, 

end pitch axes into electrical Sig- - 
neds for damping short-period 

attitude changes, 


Initiote movement of the afleron, Е 
anà elevator in response to ampli- 

fied signals from the roll and 

pitch channels. к 


Provides the means for yaw channel е 
input to the mein control valve in 
the rudder hydraulic power package. 


Provides rol1 axis interlock; com 
putes and shapes error and command 
signals to drive the aileron servo 
drive. 


Provides automatic stability augmen- 

tation ола turn coordination in 

response to command cignals from 

the autopilot sensing and control 

devices. p 


Provides pitch axis interlock; com 
putes and shapes error and coumand 
signals to drive the elevator servo 
arive. 
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2. Operation 


А. Yau Axis 


(2) Synchronization 


(a) 


With yav axie circuit breekers closed and power upplied, the auto- 
pilot provides self-synchronization within the yaw channel computer. 
The synchronization provides в null output frou the torquer amplifier 
to the electrohydraulic transfer valve. With pitch and roll axes 
circuit breakers also closed, synchronization to airplane magnetic 
heading, аз sensed by the directional gyro, is provided within the- 
yaw channel computer by a heading synchronizer. The heading refer- 
ence output signal ie routed to the roll channel computer, 


(2) Yaw Damper 


а) 


(o) 


The yaw damper mode is engaged when yaw axis ас and de circuit 
breakers are closed and the servos engage lever on the automatic 
pilot controller is moved to yaw damper position. The servos engage 
lever is held at the yaw damper position íf all yaw axis engage path 
interlock requirements are met. Тһе yaw channel computer provides 
rudder command signals to dampen the airplane dutch roll character- 
istics during manually and automatically controlled flight, Because 
of the rudder hydraulic and linkage tie-ins with the manual controls, 
yav damper control actions are not reflected at the rudder pedals. 
Further, the pilot can maneuver the airplane іп а normal manner 
through the rudder pedals with no opposing force or action from the 
yaw demper. 


With pitch and roll axes circuit breakers closed, and the autopilot 
mode engaged, the yaw channel computer also provides rudder command 
signals to assist turn maneuvers. 


(3) Autopilot 


(а) 


12) 


The autopilot mode is engaged when узы axis, pitch and roll axes, 
end central air data circuit breakers are closed and the servos 
engage lever is set at autopilot. This continues yaw damper орега- 
tion and also engages the roll and pitch axes. Тһе yaw, roll, and 
pitch axes are series interlocked for autopilot control. When an 
interlock interruption oceurs іп any axis, the autopilot mode is 
automatically disengaged. If the pitch or roll axis is walfunc- 
tioning, the servos engage lever drops to уам damper position and 


the autopilot off light comes on as өп indication to the pilot. ‘The | 


Light remains on until one of the autopilot release buttons is 
pressed. 


During the approach phase of ILS operation, the yaw channel computer 
receives а roll command to rudder signal that compensates for long- 
term airplane heading asymmetries such as loss of an engine, In 
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addition, a heading synchronizer in the yaw computer module receives 
heading signals from the directional gyro and provides heading 
reference and heading error data to the roll charnel computer for 
heading hold functions. 


В. Roll axis 
(1) Synchronization 


(а) With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization to airplane roll atti- 
tude and magnetic heading, This synchronization provides а null out- 
put from the aileron servo amplifier to the aileron servo drive 
motor. 


(2) Roli Axis Engage 


(а) The roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 
lever із held at autopilot position if all engage path interlock 
requirements ere met. 


(b) If the roll axis is engaged when the aircraft is at a roll angle (up 
to 35 degrees), the airplane automatically returns smoothly to a 
wings-level condition. When the airplane roll angle reduces to 
iess than 6 degrees, the autopilot automatically couples the air- 
plane to the compass heading (compass system). 


(с) Heading hold is initiated with the navigation selector switch on the 
automatic pilot controller at turn knob and the turn knob at detent, 
heading hold is automstically established when airplane bank engle 
is less than 6 degrees. 


(9) Automatic disengagement of the autopilot mode occurs when the roll 
axis monitor detects a malfunction within the roll axis. The 
servos engage lever drops to yaw damper, and the autopilot orf light 
comes on as an indication to the pilot. 


(3) Turn Knob 


(a) The turn knob located on the automatic pilot controller is the pri- 
nary roll control mode. fhe knob provides a manual turn control 
function for changing airplane heading. The turn knob must be in 
detent to engage the autopilot. 
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‘The turn knob operates through the roll axis (aileron channel) to 
establish and hold the desired benk angle required to initiate a 
heading change. The degree and direction of bank angle ia propor- 
tional to the omount and direction of turn knob rotation, When the 
turn knob is moved fron detent, the roll axis automatically decouples 
from the heading reference. As Jong as the turn knob ів left out 

of detent, the airplane remains in a turn at the commanded bank 
angle. When the turn knob {в returned to the detent position, the 
airplane returns to vinge leve) end 4e recouphed to the heading 
reference which exists when bank angle’ becomes less than 6 дедг: 
Operation of the turn knob takes priority over any laterel cor „гої 
node, 2 


Heading Select 


(а) 


The heading select mode operates through the roll axis to establish 
and follow a chosen heading set on the course-indicator or equivalent 
heading display, The heading select cursor on the indicator ie 
positioned at the desired heading by using the hending select sync 
knob. With the navigation selector switch set to heading select, 
the airplane is automatically banked at a controlled roll rate up to 
а limited bank angle to execute а turn tovard the selected heading. 
Аз this heading is approached, the airplane is smoothly brought to 
wings-level. The airplane is aligned vith the selected heading ала 
is directed to maintain that heading util печ commands are given to 
the autopilot. r 


Localizer/Omnirange 


(а) 


() 


(е) 


Тһе roll channel computer provides aileron control in response to 
Забега1 radio signals (VOR and ILS} if the navigation selector switch 
is rotated to ТОС/ЧОВ and the navigation receiver is tuned to the 
proper frequency. Desired omiradial heading or inbound runway 
heading must be set оп the pictorial deviation indicator. 


Automatic beam capture is initiated by the pilot establishing an 
appropriate intercept heading, using either the turn knob or heading 
select mode, After the airplane rolls out on the intercept course, 
rotating the navigation selector switch to 10C/VOR establishes 
heading hold until lateral beam intercept. 


At beam intercept, the airplane turns Фомагд the transmitting station 
at а limited bank angle that is в function of beam error, rate of 
change of beam error (113 only), and course runvay heading error. 
When the airplane attains the selected radial at beam center (on- 
course) the autopilot automatically integrates for crosswind correc- 
tion. As the airplane approaches the zone-of-confusion above the 
VOR transmitter, interlocks decouple the beam signal, and the air- 
plane is directed to fiy at the drift-corrected radial heading. 
After passing the VOR station, the bean is again switched into roll 
command circuitry, and the autopilot tracks the outbound radial. 
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(6) из 


(а) With the navigation selector switch set to ILS at a specified beam 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center while the roll channel 
computer maintains the airplane on localizer bean center to minimun 
altitude ог disengagement. 


(ъ} Interlocks prevent selection of ILS unless the pitch axis is engaged 
and appropriate radio receiver is tuned to ILS frequeicy. The пауі- 
gation selector switch will not hold in ILS, and glide path capture 
is prevented. 


(1) Auxiliary Navigation Control (Optional) 


Тһе autopilot roll axis provides automatic control in response to track 
error and cross track deviation information received from an auxiliary 
navigation system to maintain a selected ground track or sequence of 
ground tracks. Auxiliary navigation is engaged by pressing and rotating 
the navigation selector switch to AUX НАУ after setting the initial соп- 
ditions in the auxiliary navigation controller. Upon engagement, the 
airplane will automatically be turned to intercept auxiliary navigation 
track. Auxiliary navigation control of the airplane is implemented only 
in airplanes equipped with auxiliary navigation systems. 


Ё 


С. Pitch Axis Е 
(2) Synchronization 


(а) With pitch and roll circuit breakers closed and power applied, the 
autopilot provides continuous synchronization of airplane pitch atti-~ 
tude, vertical speed, and altitude. This synchronization provides а 
null output from the elevator servo amplifier to the elevator servo 
drive motor prior to engagement. 


{2} Pitch Axis Engage 


The pitch axis is engeged when the servos engage lever on the auto~ 
matic pilot controller is moved to autopilot. The servos engage 


lever is held at autopilot if all engage path interlock requirements Р 
are met, 


(b) When engaged, the pitch axis provides a vertical speed hold function. 
‘This is the primary pitch control mode. It adjusts the pitch atti- 
tude of the airplane to maintain the vertical speed existing when 
the pitch axis was engaged. The vertical speed hold function con- 
tinues until changed by use of the vertical speed wheel on the auto- 
matic pilot controller. 


(е) 
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Automatic disengagement of autopilot control occurs when the pitch 
axis monitor detecte а malfunction within the pitch axis. The 
servos engage lever drops to yav damper and the autopilot off light 
comes on as an indication to the pilot. 


(3) Vertical Speed Control 


0 


(в) 


ф) 


Тһе detent (center) position of the vertical speed wheel ie altitude 
hold (zero vertical speed}. During synchronization, the motor- 
driven vertical speed wheel follows up to the vertical speed of the 
airplane, providing a vertical speed reference for the vertical 
speed hold function at engagement. 


When the vertical speed wheel is moved out of detent, the airplane 
assumes (and adjusts аз required) a pitch attitude to hold the сош- 
manded vertical speed. Тһе pilot observes the rate of climb (or 
descent) on the vertical speed indicator and manually adjusts the 
vertical speed wheel to obtain the desired vertical speed, The 
pitch selector switch returns to vertical speed when the vertical 
speed wheel is manually moved. The navigation selector switch 
returns to turn knob when the airplane is under glide path control 
mode if the vertical speed knob ie manually moved, If the system is 
in the glide path extension mode (and was manually or automatically 
engaged to this mode), manual movement of the vertical speed wheel 
reverts the system to the turn knob and vertical speed modes. 


Altitude Hold 


(а) 


Altitude hold is established when the vertical speed wheel is at 
altitude hold (zero vertical speed), The airplane altitude existing 
when the vertical speed wheel is returned to the detent (altitude 
hold) position is maintained until a change in vertical speed is 
commended, 


(5) Pitch Damp 


(a) 


When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode ís initiated. During this mode, 
which is used for turbulence penetration, automatic pitch trim is 
disconnected. Pitch trim is accomplished by manual actuati п of the 
horizontal stabilizer controls. A "soft" pitch attitude damping 
function is provided by the autopilot to minimize pitch rate devia- 
tions. There is no vertical gyro pitch attitude reference during 
operation of pitch damp mode. 


(6) Glide Path Control - Automatic 
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The autopilot pitch axis provides automatic glide path control from 
signals received from a glide path receiver. The system automati- 
cally captures the glide path beem when the pitch axis is engaged, 
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the glide path receiver is tuned to an 115 frequency, and the пауі- 
gation selector switch is at ILS. At glide path capture the pitch 
selector switch returns to vertical speed 17 the ewitch мав at 
another position. 


(b) А 10-second capture period begins at glide path capture, During 
this period, a fixed vertical speed command is applied to the pitch 
channel computer, causing the airplane to descend at approximately 
100 reet per minute. The vertical speed wheel follows up to this 
commanded rate of descent. 


(е) After the 10-second capture period terminates, the airplane is in 
the glide path control phase. In this phase, the airplane follows 
the glide path beam. 


(а) The vertical speed wheel follows up to the rate of descent during 
the control phase. Heading, localizer, and glide path gain pro- 
graming are initiated as a function of radio altimeter altitude 
(analog de output). If the radio altimeter malfunctions, localizer 
and glide path gains are programmed at glide path capture to com- 
pensate for IIS beam convergence. Тһе control phase ends when the 
pilot terminates the automatic approach to land the airplane 
manually . 


өзіде Path Extension 


The glide path extension mode is manually engaged by placing the pitch 
selector switch at G/P EXT. This mode can be used by the pilot to 
initiate glide path second stage gain programing only when glide path 
is energized (capture +10 seconds), the radio altimeter has failed or 
із not connected to the autopilot, and the middle marker beacon is not 
passed. If the radio altimeter is disabled ог not installed, glide 
path gains are second-stage programed automatically upon interception 
of the middle marker beacon. 
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1. Description 
А. The autopilot is that portion of the auto flight control system which 
operates the flight control surfaces of the airplane as needed to maintain 
straigh. and level flight or maneuver in response to pilot comands, 
Operating modes ean be selected to provide automatic control of: 
(1) Yaw damping 
(2) Constant altitude 
(3) Coordinated turn 
(h) Vertical speed 
{5) Pitch damping during turbulence 
16) Preselected compass heading 
СІ) Ompirange flying and localizer guidance 
(8) 115 control 
(9) Split-axes control 
В. Yaw Danper 
(1) ‘Phe yaw daxper function con be engaged separately to provide necessary 
yaw damping, during manual flying. Yaw damper control is uot reflected 
at the rudder pedals. 
С. Autopilot Control 
(1) When the complete system is engaged, the autopilot controls the air- 
plane in voll, pitch, and yaw axes. ‘The existing attitude and 


directional reference is automatically maintained. 


0. System Components (See Figure L.) 


Component Function 


(1) Autopilot Моде Annunciator Provides visual display of radio 
guidance/approach mode controlling 
autopilot. 
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Component 


(a) 


(3) 


(т) 


(8) 


(9) 


(10) 
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Automatic Pilot Controller 


Automatic Pilot Indicator 


Autopilot Release Switches 


Autopilot servos (Split- 
Axes) Switches 


Accelerometers 
(six required) 


Servo Drives and Brackets 
(two required) 


Yaw Axis Eleetrohydraulic 
Transfer Valve 
(part of rudder hydraulic 
power package} 


Roll Channel Computer 


Yaw Channel Conmter 


Provides fingertip controls to enable 
the captain and first officer to en- 
gage the autopilot, select the various 
modes of operation, and to initiate 
maneuvering comand. 


Provides visual indication of aileron 
and elevator servo drive trim соп- 
ditions and output of yaw actuator 
position transducer. Lights indicate 
autopilot off, glide path armed, auto 
trim off. 


Provide disengagement of the roll and 
pitch axes of the autopilot. 


Vrovide independent entort of yaw, 
rol, and piteh control functions. 


Translate acceleration in уам, roll, 
and piteh uxes into electrical signals 
for duuping siort-pericd attitude 
changes. 


Initiate movement of the ailerons and’ 
elevator in response to amplified 
signals from the roll and pitch 
channels. 


Provides the means for yaw channel in- 
put to the main control valve in the 
rudder hydraulic power package. 


Provides roll axis interlock; computes 
апа shapes error and command signals 
to drive the aileron servo drive. 


Provides пацова іа st: 
tion and turn voordi 
to command als rron the autopilot 
sensing and control devices 


ity чишенде 
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ction 


(11) Pitch Channel Computer Provides pitch axis interlock; computes 
and shapes error and command signals > 
to drive the elevator servo drive. 


(12} Air Data Computer Provides signals for autopilot verti- 
cal speed, altitude hold, Mach Qo/p 
data, and airspeed (4) switching of 
autopilot comand parameters, 


2, Operati: 


А. Хам Axis Modes of Operation 


(1) Synchronization 


(a) With yaw axis circuit breakers closed and power applied, the auto- 
pilot provides self-synchronization within the yaw channel computer. 
‘the synchronization provides а null output from the torquer amplifier 
to the rudder electrohydraulic transfer valve. With piteh and roll 
axes circuit breakers also closed, synchronization to airplane mag- 
netic hending as sensed by the directional gyro is provided within 
the yaw channeî computer by а heading synchronizer. The heading 
reference output signal is routed to the roll channel computer. 


(2) Yaw Damper 


(а) The yaw damper mode is engaged when yaw axis ac and de circuit 
breakers ате closed and the servos engage lever оп the autonabic 
pilot controller is moved to yaw damper position. The servos engoge 
Lever is held at the yay damper position if all yaw axis engage path 
interlock requirewents are met. ‘The yaw channel computer provides 
rudder comand signals to dampen the airplane dutch roll character- 
istics during manually and automatically controlled flight. Recause 
of the rudder hydraulic and linkage tie-ins with the manuna controls, 
automatic yaw damper control actions are not reflected at the’ rudder 
pedals. Further, the pilot can папоцуег the airplane in а normal 
паме Lhrough Une rudder pedais with uo opposing force or action 
From the yaw damper, . 


(b) With the autopilot 115-volt пе circuit breaker closed and the nuto- 
Pitot mate cured, the yav chanel compuler also provides rudder 
сонат stymals to assist turn maneuvers. 
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(3) Autopilot 


(а) 


{v) 


‘The autopilot mode 16 engaged when yaw axis, pitch and roll axes, 
and nir data circuit breakers аге closed and the servos engage lever 
is set at nutopilot. This continues yaw damper operation and also 
engages the roll and pitch axes, The уам, roll, and pitch axes are 
series interlocked for autopilot control, When an interlock inter- 
ruption occurs in any axis the autopilot mode is automatically dis- 
engaged. If the pitch or roll axis is malfunctioning, the servos 
engage lever drops to yaw damper position, and the autopilot off 
Light comes on ав an indication to the pilot. The light remains on 
until one of the cutopilot release buttons is pressed. 


During the approach phase of ILS operation, the yaw channel computer 
receives а roll command to rudder signal that compensates for tong- 
term airplune heading asymmetries such as loss of an engine. In 
addition, a heading synchronizer in the yaw computer module receives 
heading signals from the directional gyro and provides heading ref- 
erence end heading error data to the roll channel conputer for 
heading hold functions. 


В. Roll Axis 


(3) Synchronization 


(а) 


With pitch and roll axes circuit breakers closed and pover applied, 
the autopilot provides continuous synchronization to airplane roll 
attitude and magnetic heading. This synchronization provides а nul) 
output from the aileron servo amplifier to the aileron servo drive 
motor. 


(2) Roll Axis Engage 


(a) 


©) 
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Тһе roll axis is engaged when the servos engage lever on the auto- 
matic pilot controller is moved to autopilot. The servos engage 
lever is held at autopilot position if all engage path interlock 
requirements are met. 


If the roll axis is engaged when the aircraft is at а roll angle 
up to 35 degrees, the airplane automatically returas smoothly to а 
Level condition. When the airplane roll angle reduces to 
Чин, 6 degrees, Lhe autopilot milomilicully couples Lhe 
airplane Lo the compass heading (compass system). 
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(4) Automasic disengagement of the autopilot mode occurs when the roll 
axis monitor detects a malfunction within the roll axis. The 5 
servos engage lever drops to yaw damper, and the autopilot off 
light comes on as an indication to the pilot. The yaw or pitch 
axes may be operated by using the split-axes servo switches (see 
paragraph 0). 


(3) Tern Knob 


(а) The turn knob located on the automatic pilot controller is the primary 
roll control mode. The turn knob provides а manual turn control 
function for changing airplane heading. The turn knob must be in . 
detent position to engagement of the autopilot. 


(0) ‘The turn Lnob operates through the roll axis (aileron channel) to 
establish ani hold the desired bank angle required to initiate a 
hending change. ‘The degree and direction of bank angle is propor- 
tional to the amount and direction of turn knob rotation. When the 
turn knob is moved from detent, the roll axis automatically decouples 
from the heading reference. As long as the turn knob is left out of 
detent, the airplane remains in а turn at the commanded bank angle. * 
When the turn knob is returned to detent, the airplane returns to 
wings level and із recoupled to the heading reference which exists 
when bank angle becomes less than 6 degrees. Operation of the turn 
knob takes priority over any lateral control mode. 


be 
pe 


(№) Heading Select . 


` 


(а) ‘The heading select mode operetes through the roll axis to estublish 
and follo» n chosen heading set on the course indicator or equivalent 
heading display, The hending select cursor on the indicator is 
positioned at the desired heading by using the heading select syne 
knob, With the navigation selector switch set to heading select, the 
airplane fs automatically banked at a controlled roll rate up toa 
limited bank angle to execute a turn toward the selected heading. As 
this heading is approached, the airplane із smoothly brought to wings~ 

ез. T pl uliyned with the selected heading and in 

сач Lo mrinka Ише heading, until new comands nre given to the 
mitopilyl, 


y 


mpr 


(9) фөсегілег/0ені 


чине 


(а) тие roll chanel compuber provides aileron control in response to 
Internal radio signals (VOR and ILS) if the navigation selector switch 
is rotated to LOC/VOR and the navigation receiver is tuned to the 
proper frequency. Desired omniradinl heading or inbound runway 
headin must be set оп the pictorial deviation indicator. 
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(0) Antenat capture 15 iaitivted by the pilot ostatlisbim an 
appropriate intercept headiag by usior etlker the turn Ко or beading 
select mode. After the airplane rolls out on the intercept course, 


rotating the navigation selector өмібеһ to LOC/VUR establishes heading 
hold until lateral beam intercept. 


(е) AL bean intercept, the airplane turns toward the transmitting station 
at а Limited bank angle that is а function of beam error, rate of 
change of beam error (ILS only), and course (runway) heading error. | 
When the airplane attains the selected radial at beam center (on~ 
course) the autopilot automatically integrates the crosswind correc- 
Lion, As the airplane approaches the zone-of~confusion above the 
VOR transmitter, interlocks decouple the beam signal, and the air- 
plane is directed to fly at the drift-corrected radial heading. 

After passing the VOR station, the beam 15 again switched into roll 
command circuitry, and the autopilot tracks the outbound radial. 


(6) 15 


(а) With the navigation selector switch sel to TLS at а specified beam 
error, glide path control is initiated. The pitch channel computer 
controls descent to glide path beam center localizer while the roll 
channel computer mainteins the airplane on beam center to minimum 
altitude or disengagement. 


Е 


(b) Interlocks prevent selection of ILS unless the pitch axis is engaged к 
and appropriate radio receiver is tuned to ILS frequency. The navi- А 
gation selector switch will not hold in ILS, and glide path capture 
їз prevented. 


(T) Auxiliary Navigation Control (optional) 


(а) The autopilot roll axis сап provide automatic control in response to 
track error and cross-track deviation information received from an 
auxiliary navigation system to maintain а selected ground track or 
sequence of ground tracks. Auxiliary navigation is engaged by press- 
ing and rotating the navigation selector switch to АЧХ НАУ after set- 


- 
Ling the initial conditions in the auxiliary cavigation controller. т 
Upon engagement, the airplane is automatically turned to intercept 

auxiliary navigation. Auxiliary navigation control of the airplane Е 


is implemented only in airplanes equipped with avxiliary navigation 
nystem. 


Pitch Axis 


(1) Synchronization 


(а) With pitch and voll axes circuit breakers closed and power applied, 
the autopilot provides continuous synchronization to airplane piteh 
nttitude, vertical speed, and altitude. ‘This synchronization provides 
а null output Crom the elevator servo amplifier to the elevator servo 
drive motor prior to engagement . 
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‘The piten axis is engaged when Une servos engagi bevor on the auton 
matie pilot controller is moved to autopilot. ‘The servos engage 


lever is held at autopilot if all engage path interlock requirements 
wre шей, 


When engaged, the pitch axis provides а vertical speed hold function. 
this is the peiunry piteh control mode. ‘This mode adjusts the pitch 
attitude of the airplane to raintain the vertical speed existing 
when the pitch uxis was engaged. The vertical speed hold function 
continues until changed by use of the vertical speed wheel оп the 
automatic pilot controller. 


Automalic disengagenent of autopilot control occurs when the pitch 
axis monitor detects а malfunction within the pitch axis. The 
servos engage lever drops to yaw damper and the autopilot off light 
comes on аз an indication to the pilot. The yew anê roll axis пау 
be operated by using the split-axes servo switches (see paragrapa 0). 


Vertical Speed Control 


‘The detent {center} position of the vertical speed wheel is altitude 
hold {zero vertical speed}. During synchronization, the motor-driven 
vertical speed wheel follows up to the vertical speed of the airplane, 
providing а vertical speed reference for the vertical speed hold 
function at engagement. 


When the vertical speed wheel is moved out of delent, the airplane 
assumes (and adjusts as required) a pitch attitude to hold the com- 
mended vertical speed. The pilot observes the rate of climb or de- 
scent on the vertical speed indicator and manually adjusts the 
vertical speed wheel to obtain the desired vertical speed. ‘The pitch 
selector switch returns to vertical speed when Lhe vertical speed 
wheel is manually moved. ‘The navigation selector svitch returns to 
turn knob when the airplane is under glide palh control mode if the 
vertical speed knob fs manually moved, If the system is in the glide 
path extension mode and was manually or automatically engaged to this 
mode, талма} movement of the vertical speed wheel reverts the system 
to the turn knob and/or vertical speed modes. 


{и} ALLE пом 


(ы) 

(е) 
(з) 

{a} 

о) 

ба) 
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AILE hol ts established when Lhe vertical speed wheel is at 
altitude hold (zero vertical speed), Yhe airplane altitude existing 
when the vertical speed wheel is returned to tle: detent (altitude 
hold} position is maintained until a change in vertical speed is 
commanded . 
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When the pitch selector switch is pressed and rotated to the pitch 
damp position, the pitch damp mode is initiated. During this mode, 
which is used for turbulence penetration, automatic pitch elevator 
trim is discomected. Piteh trin is accomplished by manual actuation 
of the horizontal stabilizer controls. А "soft" pitch attitude clamp 
function is provided by the autopilot to minimize pitch rate devin- 
tions. There is no vertical gyro pitch attitude reference during 
operation of pitch damp mode. 


(6) Glide Path Control - Automatic 


(а) 


(b) 


(е) 


(a) 


The autopilot pitch axis provides automatic glide path control from 
signals receive? from a glide path receiver. ‘The system autonatic~ 
ally captures the glide path beam when the pitch axis is engaged, 

Une glide path receiver is tuned to an ILS frequency, und the naviga- 
tion selector switch is at ILS. At glide path capture the pitch 
selector switch returns to vertical sneed if the switch was at 
another position, 


А 10-second capture period begins at glide path capture. During this 
period, a fixed vertical speed command is applied to the pitch 
channel computer, causing the airplane to descend at approximately 
100 fect рег minute. The vertical speed wheel follows up to this 
commanded rate of descent. 


After the 10-second capture period terminates, the airplane is in the 
wide path control phase. In this phase, the airplane follows the 
glide path beam. 


The vertical speed wheel follows up to the rate of descent during 
the control phase. fieading, localizer, and glide path gain pro- 
gramming are initiated as a function of radio altimeter altitude 
{analog de output). If the radio altimeter malfunctions, localizer 
and glide path gains are programed at glide puth capture to compen- 
sate for ILS beam convergence. The control phase ends when the pilot 
terminates the autowatic approach to land the airplane manually. 


(4) Glide Path Extension - Manual 


(a) 
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The glide peti extension mode is manually engaged by placing the 
piteh selector switch at G/P EXT. This mode can be used by the 
pilot Lo initiate glide path second-stage gain programming only when 
glide path is energized (capture +10 seconds), the radio altimeter 
hag failed or is not connected to the autopilot, and the middle 
marker beacon is not passed. If the radio eltimcter is disabled or 
not installed, glide path gains are second-stage programmed auto- 
matically upon interception of the middle marker beacon. 
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D. Split-Axes Operation 


a) 


(2) 
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hu three autopilot (split-axes) servo switches, loceted on the flight 
instrument panel, provide independent cut-off of roll, pitch, and yaw 
control functions of the autopilot. In this manner, the pilot may use 
manual control in one or two axes while the autopilot retains control 
of the remining engaged axes. In addition, even though a malfunction 
occurs in one or more control channeis a portion of the autopilot may 
still be used. Split-axes operation also provides approach operation 
with manual piteh axis control. 


The roll and pitch channels may be split off individually, but the yaw 
channel may not. If the yaw channel is to be split off, both rudder 
and aileron servo switches must be placed in their off position. This 
is necesoary due to roll channel dependence оп yaw damper ror proper 
performance. 
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